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DURING THE AT LEAST ONE TIME INTERVAL, 80
REFRAIN FROM TRANSMITTING ANY DATA a
FROM A COMMUNICATION DEVICE

y

DURING AT LEAST ONE TIME INTERVAL, ~ 82
DETECT WHETHER ANY CHANNEL OF A
SPECTRUM IS AVAILABLE FOR USE

Y
SUBSEQUENT TO ONE TIME INTERVAL, OR
BETWEEN TIME INTERVALS, TRANSMIT DATA | 84
FROM THE COMMUNICATION DEVICE USING
AT LEAST ONE IDENTIFIED AVAILABLE
CHANNEL

FIG. 8
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INITIAL STATE: — 90
SCAN INITIAL SET OF CHANNELS
ASSIGN QUALITY VALUES TO |~ 92
SCANNED CHANNELS
STEADY STATE:
IDENTIFY SUBSET OF CHANNELS (E.G., BASED |~ 94
ON CHANNEL AVAILABILITY, QUALITY
VALUES)
SCAN IDENTIFIED SUBSET OF CHANNELS |~ 98
ASSIGN QUALITY VALUES TO SCANNED SUBSET |— 98

OF CHANNELS

FIG. 9
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CODING LATENCY REDUCTIONS DURING
TRANSMITTER QUIETING

This application claims the benefit of each of the following
U.S. Provisional Patent applications:
U.S. Provisional Application 61/222,845, filed on Jul. 2,
2009;

U.S. Provisional Application 61/226,601, filed on Jul. 17,
2009;

U.S. Provisional Application 61/295,479, filed on Jan. 15,
2010; and

U.S. Provisional Application 61/309,511, filed on Mar. 2,
2010, the entire contents each of which are incorporated
herein by reference.

This application is related to the following applications:
U.S. application Ser. No. 12/829,280 filed on Jul. 1, 2010
entitled, “TRANSMITTER QUIETING AND REDUCED
RATE ENCODING”; U.S. application Ser. No. 12/829,321
filed on Jul. 1, 2010 entitled, “TRANSMITTER QUIETING
AND DIFFERENT ENCODING RATES FOR PORTIONS
OF A SET OF FRAMES”; U.S. application Ser. No. 12/829,
293 filed on Jul. 1, 2010 entitled, “TRANSMITTER QUIET-
ING AND NULL DATA ENCODING”; U.S. application Ser.
No. 12/829,274 filed on Jul. 1, 2010 entitled, “TRANSMIT-
TER QUIETING DURING SPECTRUM SENSING”;
each of which was filed on the same day as this application
and each of which is incorporated herein by reference in its
respective entirety.

TECHNICAL FIELD

This disclosure relates to the transmission of data across a
network.

BACKGROUND

Presently, several solutions for the wireless display of mul-
timedia data, such as wireless HDMI (High-Definition Mul-
timedia Interface), are in development. The primary intent for
these solutions is to replace the HDMI cable between a par-
ticular component (e.g., set-top box, digital versatile disc
(DVD) player, computing device) and a display device.

Certain providers have developed solutions that use pro-
prietary methodologies for the transmission of uncompressed
video. Other solutions may target consumer electronic
devices (e.g., game consoles or DVD players) and require
dedicated hardware on both the host and client side. The
power consumption for such dedicated devices may be quite
high. In addition, the transmission of uncompressed video in
certain solutions may limit any expansion capabilities to sup-
port higher-resolution data transmission.

SUMMARY

In general, this disclosure describes a number of tech-
niques, devices, and systems in which transmitter quieting
(also called blanking) is performed. A number of techniques
are also described for the creation of null intervals to corre-
spond to a transmitter blanking interval so that data is not lost
when the transmitter blanking occurs. In many examples,
sensing is performed during the transmitter quieting. Tech-
niques are also described for latency reductions so as to
ensure real-time delivery of multimedia data, as well as tech-
niques for geo-location-based white space sensing.

In one example, a method comprises encoding and modu-
lating a first set of frames such that a latency associated with
demodulating and decoding the first set of frames is less than
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a first time interval, encoding and modulating a second set of
frames such that a required latency associated with demodu-
lating and decoding the first set of frames is less than a second
time interval, transmitting the first set of frames and the
second set of frames via a transmitter, and blanking the trans-
mitter during a null interval associated with transmitting the
second set of frames, wherein the null interval and the second
time interval are less than or equal to the first time interval.

In another example, a device comprises an encoder and a
modulator, wherein the encoder and the modulator encode
and modulate a first set of frames such that a latency associ-
ated with demodulating and decoding the first set of frames is
less than a first time interval, and wherein the encoder and the
modulator encode and modulate a second set of frames such
that a required latency associated with demodulating and
decoding the first set of frames is less than a second time
interval. The device also comprises a transmitter that trans-
mits the first set of frames and the second set of frames,
wherein the transmitter blanks during a null interval associ-
ated with transmitting the second set of frames, wherein the
null interval and the second time interval are less than or equal
to the first time interval.

In another example, a device comprises means for encod-
ing and modulating a first set of frames such that a latency
associated with demodulating and decoding the first set of
frames is less than a first time interval, means for encoding
and modulating a second set of frames such that a required
latency associated with demodulating and decoding the first
set of frames is less than a second time interval, means for
transmitting the first set of frames and the second set of
frames via a transmitter, and means for blanking the trans-
mitter during a null interval associated with transmitting the
second set of frames, wherein the null interval and the second
time interval are less than or equal to the first time interval.

In another example, a computer-readable storage medium
comprises instructions that upon execution cause one or more
processors to encode and modulate a first set of frames such
that a latency associated with demodulating and decoding the
first set of frames is less than a first time interval, encode and
modulate a second set of frames such that a required latency
associated with demodulating and decoding the first set of
frames is less than a second time interval, transmit the first set
of frames and the second set of frames via a transmitter, and
blank the transmitter during a null interval associated with
transmitting the second set of frames, wherein the null inter-
val and the second time interval are less than or equal to the
first time interval.

In added examples, this disclosure concerns techniques,
systems and devices for geo-location-based white space sens-
ing. In one such example, a method comprises determining
geographic coordinates associated with a device, determining
one or more particular frequencies available in a white space
based on the geographic coordinates of the device, perform-
ing white space sensing at the one or more particular frequen-
cies based on the geographic coordinates of the device to
determine whether the one or more particular frequencies are
available for use, and transmitting data via a transmitter at the
one or more particular frequencies subject to determining that
the one or more particular frequencies are available for use.

In another example, a device comprises a sensing unit that
determines geographic coordinates associated with the
device, determines one or more particular frequencies avail-
able in a white space based on the geographic coordinates of
the device, and performs white space sensing at the one or
more particular frequencies based on the geographic coordi-
nates of the device to determine whether the one or more
particular frequencies are available for use, and a transmitter
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unit that transmits data via a transmitter at the one or more
particular frequencies subject to determining that the one or
more particular frequencies are available for use.

In another example, a device comprises means for deter-
mining geographic coordinates associated with a device,
means for determining one or more particular frequencies
available in a white space based on the geographic coordi-
nates of the device, means for performing white space sensing
at the one or more particular frequencies based on the geo-
graphic coordinates of the device to determine whether the
one or more particular frequencies are available for use, and
means for transmitting data via a transmitter at the one or
more particular frequencies subject to determining that the
one or more particular frequencies are available for use.

In another example, a computer-readable storage medium
comprises instructions that upon execution cause one or more
processors to determine geographic coordinates associated
with a device, determine one or more particular frequencies
available in a white space based on the geographic coordi-
nates of the device, perform white space sensing at the one or
more particular frequencies based on the geographic coordi-
nates of the device to determine whether the one or more
particular frequencies are available for use, and transmit data
via a transmitter at the one or more particular frequencies
subject to determining that the one or more particular fre-
quencies are available for use.

The details of one or more aspects are set forth in the
accompanying drawings and the description below. Other
features, objects, and advantages will be apparent from the
description and drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram illustrating an example of a
communication system being communicatively coupled to a
data receiver via a wireless network.

FIG. 2 is a block diagram illustrating an example of a
communication device being communicatively coupled to
one or more multimedia receivers and one or more multime-
dia output devices via a wireless network.

FIG. 3 is a block diagram illustrating an example of a
communication device being communicatively coupled to
one or more digital television (TV) receivers and one or more
display devices via a wireless network.

FIG. 4 is a block diagram illustration an example of a
mobile communication device being communicatively
coupled to a digital TV receiver and a display device, which
may be included within a digital TV.

FIG. 5 is a block diagram illustrating an example of a
communication device that may be used as the communica-
tion device shown in FIG. 2 and/or FIG. 3.

FIG. 6 is a block diagram illustrating an example of a
digital TV transformation unit/transmitter, in conjunction
with a channel identifier, which may be implemented within
a communication device, such as the communication device
shown in FIG. 5.

FIG. 7 is a block diagram illustrating another example of a
digital TV transformation unit/transmitter, in conjunction
with a channel identifier, which may be implemented within
a communication device, such as the communication device
shown in FIG. 5.

FIG. 8 is a flow diagram illustrating an example of a
method that may be performed by a communication device,
such as one or more of the communication devices shown in
FIGS. 1-5, to perform transmitter quieting during spectrum
sensing.
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FIG. 9 is a flow diagram illustrating an example of a
method that may be performed by a communication device,
such as one or more of the communication devices shown in
FIGS. 1-5, to perform spectrum sensing.

FIG. 10 is a timing diagram illustrating example data trans-
mission and channel sensing duty cycles, such as for one of
the communication devices of FIGS. 1-5.

FIG. 11 is a timing diagram illustrating another example of
data transmission and channel sensing duty cycles, such as for
one of the communication devices of FIGS. 1-5.

FIG. 12 is a conceptual diagram illustrating an example
data transmission duty cycle and corresponding data stream
that may be transmitted by a communication device.

FIG. 13 is a diagram illustrating an example stream of data,
including data content for multiple groups of pictures sepa-
rated by miscellaneous data, where the miscellaneous data
may not be transmitted during transmission quieting inter-
vals.

FIG. 14 is a diagram illustrating an example stream of data,
including data content for multiple scenes separated by mis-
cellaneous data, where the miscellaneous data may not be
transmitted during transmission quieting intervals.

FIG. 15 is diagram illustrating an example stream of data,
including multiple frames of data separated by miscellaneous
data, where the miscellaneous data may not be transmitted
during transmission quieting intervals.

FIG. 16 is a diagram illustrating an example stream of data,
including multiple frames of data separated by redundant
frame data, where the redundant frame data may not be trans-
mitted during transmission quieting intervals.

FIG. 17 is a block diagram illustrating a multimedia com-
munication system that may be suitable for application of the
various adaptive video encoding techniques described in this
disclosure.

FIG. 18 is a block diagram illustrating timing in an
example multimedia communication system having an ATSC
architecture.

FIG. 19 is a block diagram illustrating data flow in an
example multimedia communication system having an ATSC
architecture.

FIG. 20 is a block diagram further illustrating data flow
within an ATSC modulator that receives the output of the TS
MUX unit of FIG. 19.

FIG. 21 is a timing diagram illustrating ATSC data rates.

FIG. 22 is a timing diagram illustrating an example of
transmitter quieting using adaptive video encoding.

FIG. 23 is a timing diagram illustrating another example of
transmitter quieting using adaptive video encoding.

FIG. 24 is a diagram illustrating an example stream of data,
including data content for multiple groups of pictures sepa-
rated by miscellaneous data synchronized with transmission
quieting intervals.

FIG. 25 is a diagram illustrating an example stream of data,
including data content for multiple scenes separated by mis-
cellaneous data synchronized with transmission quieting
intervals.

FIG. 26 is a timing diagram illustrating an example of
insertion of null bytes by the modulator in response to a
quieting trigger pulse.

FIG. 27 is a block diagram illustrating coordinated syn-
chronization of spectrum sensing, encoding, and modulation
in a media communication system.

FIG. 28 is a flow diagram illustrating a technique consis-
tent with this disclosure.

FIG. 29 is a block diagram illustrating a device consistent
with this disclosure.
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FIGS. 30-34 are flow diagrams illustrating different tech-
niques consistent with this disclosure.

DETAILED DESCRIPTION

FIG. 1 is a block diagram illustrating an example of a
communication system 1 that is communicatively coupled to
a data receiver 9 via a wireless network 7. Communication
system 1 is capable of sending data to data receiver 9. In some
cases, the data may comprise multimedia data including at
least one of audio data, video data, text data, speech data, and
graphics data. In the example of FIG. 1, although communi-
cation system 1 is shown as only sending data to one data
receiver 9 via wireless network 7, communication system 1
may also, in some cases, be capable of sending or broadcast-
ing data to one or more data receivers, including data receiver
9, via wireless network 7.

In some instances, wireless network 7 may comprise a
network providing support for communications across a
spectrum for a digital broadcast format, such as an Advanced
Television Systems Committee (ATSC) format, a Digital
Video Broadcasting (DVB) format, a Terrestrial Digital Mul-
timedia Broadcasting (T-DMB) format, an Integrated Ser-
vices Digital Broadcasting Terrestrial (ISDB-T) format, or a
Moving Picture Experts Group Transport Stream (MPEG-
TS) format, provided by International Standard ISO/IEC
13818-1, to name only a few, as will be described in more
detail below. ATSC standards are a set of standards developed
by the Advanced Television Systems Committee for digital
television transmission. DVB standards are a suite of inter-
nationally accepted, open standards for digital television, and
are published by a Joint Technical Committee (JTC) of Euro-
pean Telecommunications Standards Institute (ETSI), Euro-
pean Committee for Electrotechnical Standardization (CEN-
ELEC), and European Broadcasting Union (EBU). DMB is a
digital radio transmission technology for sending multimedia
datato mobile devices. ISDB is a Japanese standard for digital
television and digital radio. Other wireless standards that may
benefit from the teaching of this disclosure include mobile
broadcast standards such as Advanced Television Systems
Committee—Mobile/Handheld (ATSC M/H), FO EV, Digi-
tal Multimedia Broadcast-handheld (DVB-H), Digital Mul-
timedia Broadcast-satellite services to handheld DVB-SH,
and next generation mobile broadcast standards. In addition,
NTSC standards and next generation National Television
System Committee NTSC standards may benefit from the
teaching of this disclosure. Also, standards such as third gen-
eration (3G) standards, third-generation multimedia broad-
cast multicast service (3G MBMS), Broadcast and Multicast
Services (BCMCS), long term evolution broadcast (LTE
(broadcast)), or numerous other standards may benefit as
well. With these and other standards, the blanking techniques
of this disclosure may be used during sensing as well as for
other reasons.

A digital broadcast format may be a broadcast format in
which no specific or particular destination is provided in or
specified by the transmitted data. For example, a digital
broadcast format may comprise a format in which the header
of a broadcasted data packet or unit does not include any
destination address.

Communication system 1 may comprise a fixed system of
one or more devices, which transmits or receives data at a
specified location, or a mobile system of one or more devices.
Each device may comprise one or more processors. Commu-
nication system 1 may comprise one or more stand-alone
devices or may be part of a larger system. For example,
communication system 1 may comprise, or be part of, a
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wireless communication device (e.g., wireless mobile hand-
set or device), a digital camera, digital television (TV), a
video camera, a video telephone, a digital multimedia player,
a personal digital assistant (PDA), a video game console, a
personal computer or laptop device, or other video device.

In certain examples, communication system 1 may be used
for video game or gaming applications. In these examples,
one or more users of communication system 1 may play one
or more games, including any interactive games with other
users via a network connection (e.g., wireless network con-
nection) to communication system 1. Graphics and/or video
data for the games, including real-time information, may be
provided to data receivers 9, which may then be displayed on
a separate display device coupled to data receivers 9 (e.g., a
high-definition television or display device). In this fashion, a
user may view the display data for a game application on this
separate display device.

Communication system 1 may also comprise one or more
peripheral devices (e.g., keyboards), including peripheral
devices that communicate wirelessly with other devices. In
some cases, communication system 1 may include compo-
nents that are included within one or more integrated circuits,
chips, or chip sets, which may be used in some or all of the
devices described above.

As shown in FIG. 1, communication system 1 may include
a data transformation unit/transmitter 3, which is coupled to a
channel identifier 5. Data transformation unit/transmitter 3
and channel identifier 5 may be physically included, or part
of, one or more devices. For example, in some cases, one or
both of data transformation unit/transmitter 3 and channel
identifier 5 could be included within a peripheral device that
is coupled to a separate device. Thus, data transformation
unit/transmitter 3 and channel identifier 5 may be part of one
or more devices within communication system 1.

Communication system 1 is capable of receiving, process-
ing, generating, and transmitting data. For example, commu-
nication system 1 may receive data over any of many possible
radio or wireless access networks, including cellular, local
wireless, or broadcast networks, including for example,
ATSC, DVB, ISDB-T, or T-DMB. In some instances, com-
munication system 1 may receive data over a wired interface
or via one or more embedded interfaces. The data may also
comprise data in an uncompressed format, such as data
received via image/video sensors for camera or other cam-
corder applications. In some examples, the data may include
one or more of audio data, video data, image data, graphics
data, text data, speech data, or metadata.

Communication system 1 is further capable of broadcast-
ing or otherwise transmitting data to one or more other
devices, such as data receiver 9, through wireless network 7.
Data transformation unit/transmitter 3 is capable of trans-
forming data into a particular digital broadcast format. For
example, data transformation unit/transmitter 3 may be
capable of encoding data that complies with a particular digi-
tal broadcast format (e.g., ATSC, DVB, ISDB-T, T-DMB,
MPEG-TS), modulating and then transmitting the encoded
data.

Channel identifier 5 is able to identify at least one available
channel of a spectrum, where one or more devices of com-
munication system 1 may be involved in the identification of
the at least one available channel. For example, the identifi-
cation of the at least one available channel may be initiated by
one or more devices of communication system 1. In some
instances, channel identifier 5 may identify the at least one
available channel in an unused and/or unlicensed portion of a
broadcast spectrum, such as a digital television broadcast
spectrum.
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In some instances, the at least one available channel may
comprise television band white space. As specified in the
“Second Report and Order and Memorandum Opinion and
Order” adopted by the Federal Communications Commission
(FCC)onNov. 4, 2008, and released on Nov. 14,2008 as FCC
Order 08-260, “white space” governed by the United States
may comprise unused portions or locations of a broadcast
television spectrum that are not currently being used by
licensed services, and which therefore may be used by unli-
censed radio transmitters. Similar types of white space may
exist in other countries, regions, or jurisdictions outside the
United States, subject to communication regulatory authori-
ties that may exist in such areas.

In some instances, an available channel may comprise a
channel that is currently unoccupied. In one example, an
available channel may comprise a channel that is not cur-
rently being used by any authorized or licensed users, e.g.,
users licensed by the FCC. In one example, an available
channel may comprise a channel that is not currently being
used either by licensed users or by unlicensed users, e.g.,
other white space channel users. In some cases, an available
channel may comprise a channel that may be used by a user
upon acquiring a secondary license from another licensed
user.

Channel identifier 8 may identify one or more available
channels that may be needed for data broadcast based upon
any specific requirements or needs of applications or services
that are executed on, or implemented by, one or more devices
of communication system 1. Upon identification of the one or
more available channels, transformation unit/transmitter 3
may transmit data (e.g., encoded, modulated, or otherwise
transformed data) to data receiver 9 via wireless network 7,
using the at least one identified available channel. In certain
cases, communication system 1 will perform one or more of
the above-described actions (e.g., channel identification and
data transmission), either automatically or in response to user
input, based upon the execution of one or more services or
applications locally running within communication system 1.
Data receiver 9 may include functionality for demodulating
and/or decoding the received broadcast data from communi-
cation system 1. In some cases, transformation unit/transmit-
ter 3 may broadcast the data, via wireless network 7, to
multiple data receivers, including data receiver 9, using the at
least one identified available channel.

As described above, channel identifier 5 is able to identify
at least one available channel of a broadcast spectrum for the
particular digital broadcast format. In one example, channel
identifier 5 may include a spectrum sensor that is used to
identify the at least one available channel by sensing signal
information within one or more channel ranges, or bands,
within the broadcast spectrum. In one example, channel iden-
tifier 5 may access a database (e.g., a digital TV bands data-
base, such as the one shown in FIG. 6) to identify the at least
one available channel.

As shown in FIG. 1, data transformation unit/transmitter 3
includes a transmitter quieting unit 2. If channel identifier 5
includes spectrum sensing functionality, transmitter quieting
unit 2 may provide transmission quieting intervals. Quieting
may alternately be referred to as blanking in this disclosure.
In particular, the phrase “blanking (or quieting) the transmit-
ter” generally refers to a process in which the transmitter
refrains from transmitting data for a period time, although the
period of time may vary widely in different implementations.
During transmission quieting intervals (i.e., transmitter
blanking), data transformation unit/transmitter 3 refrains
from transmitting data to data receiver 9 via wireless network
7. For example, data transformation unit/transmitter 3 may
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refrain from transmitting data by temporarily disabling or
even temporarily turning off its data transmission functions.
In one example, channel identifier 5 may detect, during at
least one time interval, whether at least one channel of a
spectrum, (e.g., white space channel), is available for use.
During this at least one time interval, transmitter quieting unit
2 may refrain from transmitting any data to data receiver 9,
which may reduce potential interference between data trans-
mission and spectrum sensing operations. However, in addi-
tion to the sensing of white space for available channels, this
disclosure also contemplates transmitter blanking for other
sensing reasons, or other reasons unrelated to sensing.
Accordingly, transmitter blanking is not limited to use during
white space sensing and may have broad applicability to other
sensing applications or other non-sensing applications.

For white space sensing, even after a channel is selected,
periodic spectrum sensing may be required in order to verify
that usage of the channel does not interfere with usage by
other licensed or authorized users. The interval at which
sensing must be performed may be specified by applicable
rules or regulations. In some cases, the spectrum sensing may
be required at least once per minute. Transmitter quieting
during spectrum sensing may be desirable because sensing
may need to be performed at very low power levels, e.g., to
permit detection of lower power signals generated by users of
the spectrum, such as licensed users or other authorized users.
The FCC order identified above, or other applicable rules or
regulations, may require spectrum sensing at specified inter-
vals and at specified power levels to prevent interference with
licensed or authorized users of channels in the spectrum. Such
spectrum sensing may involve sensing whether other licensed
or authorized users are transmitting signals on a given chan-
nel or frequency. The lower power signals may be generated
by low power transmitters at nearby locations. Alternatively,
the lower power signals may be generated by higher power
transmitters at remote or nearby locations. However, the sig-
nals generated by the higher power transmitters may attenuate
over extended distances or suffer fading. In either case, if a
transmitter is enabled during spectrum sensing, transmit
power may leak into the spectrum sensing circuitry, creating
noise or interference that makes sensing of lower power sig-
nals in a spectrum, such as a white space spectrum, more
difficult.

In some situations, channel identifier 5 may need to peri-
odically detect for channel usage in one or more channels
within a spectrum, or determine whether any channels that
were previously available for use are no longer available (e.g.,
when a licensed user begins using a particular channel).
Channel identifier 5 may implement a particular duty cycle
for spectrum sensing when performing such detection and/or
determination functions. As will be described in much greater
detail below, channel identifier 5 may utilize or implement
various different duty cycles for spectrum sensing, as well as
various different spectrum sensing intervals. Similarly, trans-
mitter quieting unit 5 may utilize or implement various dif-
ferent duty cycles for transmission quieting, as well as differ-
ent quieting intervals.

Because transmission quieting may potentially result in
errors and/or discontinuities in the data received by data
receiver 9, communication system 1 and/or data receiver 9
may include certain functionality to mitigate such errors or
discontinuities, such as through implementation of error
recovery, error resilience, or even modification of the data
transported by communication system 1. The transmitted data
may, in some instances, comprise digital data that can be
arranged in packets, frames or other units, and may include
encoded data and other data that is used for decoding, data
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reassembly, or error correction. In some cases, transmitter
quieting unit 2 may utilize or select transmission quieting
intervals and/or duty cycles, with respect to data transmis-
sion, which match the spectrum sensing intervals and/or duty
cycles in order to allow data receiver 9 to perform error
recovery on the received data.

In this particular example, data receiver 9 may optionally
include an error correction unit 11, which may be configured
to perform standard error recovery or correction during the
decoding process. Error correction unit 11, however, may be
optional in some examples. Error correction unit 11 may
process one or more error correction codes that have been
inserted into the data by data transformation unit/transmitter
3 in order to perform error checking and/or correction. In
some examples, error correction unit 11 may perform one or
more conventional error correction techniques that are known
in the art.

As noted above, channel identifier 5 and transmitter quiet-
ing unit 2 may utilize substantially similar duty cycles to
correlate the spectrum sensing intervals with the transmission
quieting intervals. In these situations, communication system
1 may align the sensing intervals with the quieting intervals,
such that when channel identifier 5 is performing spectrum
sensing functions (e.g., during spectrum sensing intervals),
transmitter quieting unit 2 refrains from transmitting data to
data receiver 9 (e.g., during transmission quieting intervals).

Furthermore, in some examples, data transformation unit/
transmitter 3 may construct or adapt data transmission
streams such that defined data is included within certain por-
tions of the stream based upon the transmission quieting
intervals. For example, the data stream may be constructed to
include certain null data, padded data, redundant data, or
other miscellaneous data that may not actually be transmitted
to data receiver 9 based upon the timing of the transmission
quieting intervals. In such fashion, data transformation unit/
transmitter 3 may intelligently construct the transmitted data
streams such that data not transmitted during the quieting
intervals comprises miscellaneous (e.g., non-essential or
null) data that is not necessarily needed by data receiver 9
upon receipt of the data transmission via wireless network 7.
Such functionality may help minimize the impact of trans-
mission quieting, where such quieting may be performed to
avoid potential interference between data transmission and
spectrum sensing operations. These concepts will be
described in much further detail below.

FIG. 2 is a block diagram illustrating an example of a
communication device 4, which includes a channel identifier
8 and transformation unit/transmitter 6, being communica-
tively coupled to one or more communication receivers 12 A-
12N and one or more multimedia output devices 14A-14N via
a wireless network 10. Communication device 4 is capable of
sending data (e.g., multimedia data) to one or more of receiv-
ers 12A-12N. In some cases, the data may comprise multi-
media data including at least one of audio data, video data,
image data, text data, speech data, and graphics data. In some
examples, wireless network 10 may comprise a network that
provides support for data transmission that is compliant with
the ATSC standard.

In the particular example of FIG. 2, transformation unit/
transmitter 6 and channel identifier 8 are included within one
particular device, namely communication device 4. As
described previously, however, with respect to FIG. 1, trans-
formation units/transmitters and channel identifiers in gen-
eral may be included within one or more devices, including
one or more peripheral devices, within a communication sys-
tem.
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Similar to wireless network 7 of FIG. 1, wireless network
10 may comprise a network providing support for communi-
cations across a broadcast spectrum for a digital broadcast
format, such as ATSC, DVB, T-DMB, ISDB-T, or MPEG-TS,
to name only a few. Communication device 4 may comprise a
fixed device, which transmits or receives data at a specified
location, or a mobile device. Communication device 4 may
comprise a stand-alone device or may be part of a larger
system. For example, communication device 4 may com-
prise, or be part of, a wireless multimedia communication
device (such as a wireless mobile handset), a digital camera,
digital TV, a video camera, a video telephone, a digital mul-
timedia player, a personal digital assistant (PDA), a video
game console, a personal computer or laptop device, or other
video device. Communication device 4 may also be included
within one or more integrated circuits, or chips/chip sets,
which may be used in some or all of the devices described
above.

As shown in FIG. 2, communication device 4 includes
transformation unit/transmitter 6, which is coupled to chan-
nel identifier 8. For purposes of illustration only in FIG. 2, it
will be assumed that these components 6, 8 are part of com-
munication device 4.

Communication device 4 is capable of receiving, process-
ing, and generating data, including multimedia data. For
example, communication device 4 may receive data over any
of'many possible radio or access networks, including cellular,
local wireless, or broadcast format, including ATSC, DVB,
ISDB-T, or T-DMB.

Communication device 4 is further capable of broadcasting
data to one or more other devices, such as multimedia output
devices 14A-14N, through wireless network 10. Transforma-
tion unit/transmitter 6 is capable of transforming data into a
particular digital broadcast format. For example, digital
transformation unit/transmitter 6 may be capable of encoding
multimedia data that complies with a particular digital broad-
cast format (e.g., ATSC, DVB, ISDB-T, T-DMB, MPEG-TS),
and modulating the encoded multimedia data.

Channel identifier 8 is able to identify at least one available
channel of a spectrum, where the identification is initiated by
communication device 4. In some cases, channel identifier 8
may identify multiple available channels that may be needed
for transmission based upon any specific requirements or
needs of applications or services that are executed on com-
munication device 4. For example, some applications or ser-
vices may require or request multiple channels over which
data may be sent to one or more receivers.

Upon identification of the one or more available channels
by channel identifier 8, transformation unit/transmitter 6 may
transmit the transformed (e.g., encoded, modulated) data to
one or more of multimedia output devices 14A-14N, via
wireless network 10, using the at least one identified available
channel. In certain cases, communication device 4 will per-
form one or more of the above-described actions, either auto-
matically or via user input, based upon the execution of one or
more services, or applications, locally running on communi-
cation device 4.

In one example, an application may determine to broadcast
specified multimedia content solely to multimedia output
device 14A via wireless network 10. Receiver 12A may
receive the broadcast data, and may include a tuner that tunes
receiver 12 A to the appropriate channel through which data is
being broadcast from communication device 4. Receiver 12A
then provides the received data to multimedia output device
14A for processing (e.g., for display).

In another example, an application may determine to
broadcast specified multimedia content to multiple ones of
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multimedia output devices 14A-14N. In this case, receivers
12A-12N may each receive the broadcasted data, and may
each include a tuner that tunes in to the appropriate channel
(e.g., frequency or frequency band) through which data is
being broadcast from communication device 4. Each receiver
12A-12N then provides the received data to its corresponding
multimedia output device 14A-14N for processing.

In some cases, receivers 12A-12N may include function-
ality for demodulating and/or decoding the received broad-
cast data from communication device 4. In some cases, mul-
timedia output devices 14A-14N may include such
functionality. One or more of multimedia output devices
14A-14N may each comprise an external device with respect
its corresponding receiver 12A-12N. In some instances, one
or more of multimedia output devices 14A-14N may each be
part of; or integrated within, its corresponding receiver 12A-
12N.

As described above, channel identifier 8 is able to identify
at least one available channel of a broadcast spectrum for the
particular digital broadcast format. In one example, channel
identifier 8 may include a spectrum sensor that is used to
identify the at least one available channel by sensing signal
information within one or more channel ranges, or bands,
within the broadcast spectrum. In one example, channel iden-
tifier 8 may access a database (e.g., a digital TV bands data-
base, such as the one shown in FIG. 6) to identify the at least
one available channel.

For instance, communication device 4 may include geo-
location functionality, whereby communication device 4 is
capable of determining its geographic location, e.g., by using
a Global Positioning System (GPS) or other similar compo-
nent, pilot signal or other location techniques. In this instance,
communication device 4 may provide such location informa-
tion to a digital TV bands database. The digital TV bands
database may be populated with channel information based
upon location, and may be able to provide communication
device 4 with a list of any available channels within the
geographic region currently occupied by communication
device 4.

In some examples, communication device 4 may be
capable of determining its geographic location via location
estimation using an Internet Protocol (IP) address of commu-
nication device 4. Geo-location by IP address is a technique of
determining a geographic latitude, longitude, and also poten-
tially city and state of communication device 4 by comparing
public IP address of communication device 4 with IP
addresses of other electronically neighboring servers, routers,
or other devices having known locations. In these examples,
communication device 4 may provide its IP address to an
external server (e.g., via wireless communication).

The external server may access a database containing [P
addresses of other devices having known locations. The exter-
nal server may use techniques to obtain an estimate of the
location of communication device 4 by comparing the IP
address of communication device 4 to the IP addresses of the
devices having known locations within the database, and may
then provide this estimated location back to communication
device 4. The external server may, in some cases, perform the
comparison by determining which devices within the data-
base have IP addresses that most closely match or resemble
the IP address of communication device 4.

The broadcast of data from communication device 4 to one
or more of multimedia output devices 14 A-14N may provide
certain advantages. For example, local broadcasts from com-
munication device 4 to multimedia output devices 14A-14N
can be created similar to a distributed transmitter network.
Thus, in one scenario, a user may utilize communication
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device 4 to broadcast multimedia data to other collocated or
non-collated multimedia output devices 14A-14N. For
instance, a user may set up a wireless network in the user’s
home to couple communication device 4 to other devices.
Communication device 4 may comprise, in one example, a
personal, laptop or tablet computer, or a handheld portable
computing device such as a personal digital media player,
mobile telephone handset, or the like.

The user may wish to transmit multimedia data (e.g., a
personal presentation, a television show or movie, web con-
tent, streaming video, digital photographs, or the like), as
processed by communication device 4, to one or more output
devices 14A-14N. If one of output devices 14A-14N com-
prises a display and one of receivers 12A-12N comprises a
television tuner coupled to the display, where such tuner and
display comprise a television, for instance, communication
device 4 may identify one or more available channels to
broadcast such multimedia data to the television, providing a
convenient way to extend content from a computer to a tele-
vision (e.g., large screen and/or high-definition television)
without the need for using any wires or other physical con-
nections. A display device may, in various examples, com-
prise a flat panel Liquid Crystal Display (LCD), a flat panel
plasma display, a projection display device, a projector
device, or the like. Though shown as separate devices in FIG.
2, any of receivers 12A-12N may be included within, or part
of, corresponding output devices 14A-14N.

Data transformation unit/transmitter 6 includes a transmit-
ter quieting unit 13, which may operate similarly to transmit-
ter quieting unit 2 shown in FIG. 1. If channel identifier 8
includes spectrum sensing functionality, transmitter quieting
unit 13 may provide transmission quieting intervals during
which time data transformation unit/transmitter 6 refrains
from transmitting data via wireless network 10, such as by
temporarily disabling or even turning off the data transmis-
sion functions of data transformation unit/transmitter 6. In
one example, channel identifier 8 may detect, during at least
one time interval, whether at least one channel of a spectrum
is available for use. During this at least one time interval,
transmitter quieting unit 13 may refrain from transmitting any
data, as will be described in further detail below.

FIG. 3 is a block diagram illustrating an example of a
communication device 16, which may include a digital TV
channel identifier 20 and digital TV transformation unit/
transmitter 18, being communicatively coupled to one or
more digital TV receivers 24 A-24N and one or more display
devices 26A-26N via a wireless network 22. In FIG. 3, digital
TV channel identifier 20 of communication device 16 is one
example of a channel identifier, such as channel identifier 8 of
communication device 4 shown in FIG. 2. Display devices
26A-26N are examples of multimedia output devices, such as
multimedia output devices 14A-14N shown in FIG. 2.

In FIG. 3, digital TV transformation unit/transmitter 18
and digital TV channel identifier 20 are shown to be included
within the same communication device 16. However, in some
alternate examples, these components 18, 20 may be included
within a communication system that includes one or more
separate devices, including one or more peripheral devices.

Communication device 16 is capable of receiving, process-
ing, and generating multimedia data. Communication device
16 is further capable of broadcasting multimedia data to one
or more other devices, such as display devices 26A-26N,
through wireless network 22. Digital TV transformation unit/
transmitter 6 is capable of transforming multimedia data into
a digital broadcast format, e.g., encoding multimedia data
that complies with a particular digital broadcast TV format,
such as ATSC, and modulating the encoded multimedia data.
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Digital TV channel identifier 20 is able to identify at least
one available TV channel in an unused portion of a broadcast
TV spectrum for the particular digital broadcast TV format,
where such identification is initiated by communication
device 16. In some cases, digital TV channel identifier 20 may
identify multiple available channels that may be needed for
multimedia broadcast based upon any specific requirements
or needs of applications or services that are executed on
communication device 16.

Upon identification of the one or more available channels,
transformation unit/transmitter 18 may transmit the trans-
formed data (e.g., encoded, modulated multimedia data) to
one or more of display devices 26A-26N, via wireless net-
work 22, using the at least one identified available channel. In
some cases, communication device 16 will initiate one or
more of the above-described operations, either automatically
or via user input, based upon the execution of one or more
services, or applications, locally running on communication
device 16. The content transmitted by transformation unit/
transmitter 18 may include a wide variety of multimedia
content, including but not limited to audio content, video
content and combinations of audio and video content.

Digital TV transformation unit/transmitter 18 also includes
atransmitter quieting unit 19. If channel identifier 20 includes
spectrum sensing functionality, transmitter quieting unit 19
may provide transmission quieting intervals during which
time transformation unit/transmitter 18 refrains from trans-
mitting data via wireless network 22, such as by temporarily
disabling or even turning off the data transmission functions
of data transformation unit/transmitter 18. In one example,
channel identifier 20 may detect, during at least one time
interval, whether at least one channel of a spectrum is avail-
able for use. During this at least one time interval, transmitter
quieting unit 19 may refrain from transmitting any data, as
will be described in further detail below.

FIG. 4 is a block diagram illustration an example of a
mobile communication device 15 (e.g., a mobile handset, a
laptop computer) being communicatively coupled to a digital
TV receiver 29 and a display device 31, which may be
included within a digital TV 27 (e.g., a high-definition tele-
vision). Mobile communication device 15 may comprise any
form of mobile device, such as a mobile communication
handset, a personal computer or laptop computer, a digital
multimedia player, a personal digital assistant (PDA), a video
game console, or other video device.

In FIG. 4, digital TV transformation unit/transmitter 17
and digital TV channel identifier 23 are shown to be included
within the same mobile communication device 15. However,
in some alternate examples, these components 17, 23 may be
included within a communication system that includes one or
more separate devices, including one or more peripheral
devices.

Mobile communication device 15 is capable of receiving,
processing, and generating multimedia data. Mobile commu-
nication device 15 is further capable of broadcasting multi-
media data to digital TV 27 through digital TV broadcast
network 25. Digital TV transformation unit/transmitter 17 is
capable of transforming multimedia data into a digital broad-
cast format, e.g., encoding multimedia data that complies
with a particular digital broadcast TV format, such as ATSC,
and modulating the encoded multimedia data.

Digital TV channel identifier 23 is able to identify at least
one available TV channel in an unused portion of a broadcast
TV spectrum for the particular digital broadcast TV format,
where such identification is initiated by mobile communica-
tion device 15. In some cases, digital TV channel identifier 23
may identify multiple available channels that may be needed
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for multimedia broadcast based upon any specific require-
ments or needs of applications or services that are executed on
mobile communication device 15.

Upon identification of the one or more available channels,
transformation unit/transmitter 17 may transmit the trans-
formed data (e.g., encoded, modulated multimedia data) to
digital TV receiver 29, via broadcast network 25, using the at
least one identified available channel. In some cases, mobile
communication device 15 will initiate one or more of the
above-described operations, either automatically or via user
input, based upon the execution of one or more services, or
applications, locally running on mobile communication
device 15. In some cases, digital TV receiver 29 may be
included within digital TV 27.

Digital TV transformation unit/transmitter 17 also includes
atransmitter quieting unit 21. If channel identifier 23 includes
spectrum sensing functionality, transmitter quieting unit 21
may provide transmission quieting intervals during which
time transformation unit/transmitter 17 refrains from trans-
mitting data via broadcast network 25, such as by temporarily
disabling or even turning off the data transmission functions
of data transformation unit/transmitter 17. In one example,
channel identifier 23 may detect, during at least one time
interval, whether at least one channel of a spectrum is avail-
able for use. During this at least one time interval, transmitter
quieting unit 21 may refrain from transmitting any data, as
will be described in further detail below.

As shown in FIG. 4, mobile communication device 15 may
identify one or more available channels to broadcast multi-
media data from mobile communication device 15 to digital
television 27, providing a convenient way to extend content
from a mobile device to a television (e.g., large screen and/or
high-definition television) without the need for using any
wires or other physical connections. Display device 31 may,
in various examples, comprise a flat panel Liquid Crystal
Display (LCD), a flat panel plasma display, a projection dis-
play device, a projector device, or the like.

FIG. 5 is a block diagram illustrating an example of a
communication device 30 that may be used as the communi-
cation device 4 shown in FIG. 2 and/or the communication
device 16 shown in FIG. 3. Communication device 30 may, in
some examples, comprise a mobile device, such as a wireless
communication device or handset.

As shown in the example of FIG. 5, communication device
30 includes various components. For example, in this particu-
lar example, communication device 30 includes one or more
multimedia processors 32, a display processor 34, an audio
output processor 36, a display 38, speakers 40, a digital TV
transformation unit/transmitter 42, and a channel identifier
44. Multimedia processors 32 may include one or more video
processors, one or more audio processors, and one or more
graphics processors. Each of the processors included within
multimedia processors 32 may include one or more decoders.

Multimedia processors 32 are coupled to both display pro-
cessor 34 and audio output processor 36. Video and/or graph-
ics processors included within multimedia processors 32 may
generate image and/or graphics data that is provided to dis-
play processor 34 for further processing and display on dis-
play 38. For example, display processor 34 may perform one
or more operations on the image and/or graphics data, such as
scaling, rotation, color conversion, cropping, or other render-
ing operations. Any audio processors included within multi-
media processors 32 may generate audio data that is provided
to audio output processor 36 for further processing and output
to speakers 40. A user of communication device 30 is thus
able to view and hear representations of the multimedia data
via display 38 and speakers 40.
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In addition to providing output multimedia data to display
38, display processor 34 may also provide its output to digital
TV transformation unit/transmitter 42. Further, audio output
processor 36 may provide its output to digital TV transfor-
mation unit/transmitter 42. As a result, digital TV transfor-
mation unit/transmitter 42 is capable of processing multiple
streams of multimedia data. In some instances, display pro-
cessor 34 and/or audio output processor 36 may store corre-
sponding output multimedia data in one or more buffers,
which are then accessed by digital TV transformation unit/
transmitter 42 to retrieve the data. Digital TV transformation
unit/transmitter 42 may include various components, as
described in more detail below with reference to FIG. 6, for
transforming multimedia data into a particular digital broad-
cast form (e.g., encoding, modulating the data), and transmit-
ting the transformed data to another device via a wireless
network in one or more identified available channels. Digital
TV transformation unit/transmitter 42 may transmit data via
antenna system 48, which may comprise one or more anten-
nae.

In some cases, digital TV transformation unit/transmitter
42 may transform and/or encapsulate multiple received
streams of multimedia data from display processor 34 and
audio output processor 36 into individual single program
transport streams that may be transmitted over multiple
broadcast channels. In some cases, the multiple streams of
multimedia data may be encapsulated in the same transport
stream and transmitted in a single channel. One multimedia
stream may be transmitted as a picture-in-picture (PIP) data
path that includes supplemental multimedia information or
metadata with respect to the multimedia data. Metadata may
include, for example, one or more of text, notification mes-
sages, program guide information, or menu information. In
certain cases, digital TV transformation unit/transmitter 42
may receive data directly from multimedia processors 32. In
these cases, digital TV transformation unit/transmitter 42
may transform and/or encapsulate the data received directly
from multimedia processors into transport streams that may
be transmitted.

In order for communication device 30 to be able to broad-
cast or otherwise transmit multimedia data in one or more
streams to a remote device via a wireless network, commu-
nication device 30 identifies one or more available channels in
an unused portion of a spectrum upon initiation by commu-
nication device 30. Channel identifier 44 is capable of iden-
tifying these one or more available channels.

Channel identifier 44 may identify available channels in
one or more ways. For example, channel identifier 44 may
utilize a spectrum sensor, such as the spectrum sensor shown
in FIG. 6 or FIG. 7, which is able to dynamically sense
available channels in one or more frequency bands via
antenna system 48. The spectrum sensor may be able to assign
certain quality values with respect to the sensed signals (e.g.,
interference levels, signal-to-noise ratios) in order to deter-
mine the quality of any available channels within the spec-
trum for data transmission. The sensing algorithm may be
carried out periodically and may be based on the format of a
particular video stream being processed.

Channel identifier 44 may also utilize, either in conjunction
with spectrum sensing or independently, geo-location func-
tionality. Geo-location refers to the capability of communi-
cation device 30 to determine its geographic coordinates
through the use of a geo-location sensor (such as the one
shown in FIG. 6), which may comprise, in one example, a
GPS sensor. Channel identifier 44 may query an external
digital channel database (e.g., a digital TV bands database,
such as the one shown in FIG. 6) to obtain a list of available
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channels via wireless communication. Typically, such an
external database may be maintained by one or more external
devices or sources, but may be updated based upon requests
and data flow from various devices, such as communication
device 30.

In one example, channel identifier 44 may send geo-loca-
tion coordinates regarding the location of communication
device 30 to the external digital channel database, such as via
anetwork (e.g., wireless network) connection. Channel iden-
tifier 44 may then receive, from the external database, a list of
available channels for a geographic region associated with the
location of communication device 30, as indicated by the
geo-location coordinates. Channel identifier 44 may then
select one or more of the identified channels for use, and send
data back to the external database regarding the intended use
of these frequency channels by communication device 30.
The external database may therefore be updated accordingly
based upon the received data from communication device 30.

In some cases, the external database, once updated, may
indicate that the selected channels are in use by communica-
tion device 30 until communication device 30 sends a subse-
quent message to the external database indicating that the
channels are no longer needed or being used. In other cases,
the external database may reserve the selected channels for
device 30 only for a defined interval of time. In these cases,
communication device 30 may need to send a message to the
external database within the defined interval of time indicat-
ing that device 30 is still using the selected channels, in which
case the external database will renew the reservation of the
selected channels for a second interval of time for use by
device 30.

In some instances, channel identifier 44 may select one or
more of the available channels for use based upon the band-
width demands or needs of any services or applications that
are executing on communication device 30, as indicated by,
for example, by one or more of multimedia processors 32
during execution. For example, a particular multimedia appli-
cation may require multiple broadcast streams each having
high bandwidth demands. In this situation, channel identifier
44 may allocate multiple different available channels for
transmission to accommodate the bandwidth requirements
for these multiple broadcast streams.

Channel identifier 44 may, in some cases, identify one or
more available channels based upon information received
from multiple sources. For example, if channel identifier 44
utilizes both a spectrum sensor and geo-location functional-
ity, channel identifier 44 may need to process channel infor-
mation from both of these sources when determining which
channels may be available for use. Different channels may
have different white space availability for use, depending on
the geo-location. Channel identifier may store or download
associations of channels and geo-locations so that different
channels may be defined and searched depending on the
geo-location of communication device 30 at any given time.

Upon identification of one or more available transmission
channels by channel identifier 44, digital TV transformation
unit/transmitter 42 may then broadcast or otherwise transmit
the multimedia content or data to an external device via a
network using the identified transmission channel(s). Com-
munication device 30 may initiate the broadcast transmission
directly with such an external device.

Digital TV transformation unit/transmitter 42 includes a
transmitter quieting unit 43. If channel identifier 44 includes
spectrum sensing functionality, transmitter quieting unit 43
may provide transmission quieting intervals during which
time digital TV transformation unit/transmitter 42 refrains
from transmitting data, such as by temporarily disabling or
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even turning oft the data transmission functions of digital TV
transformation unit/transmitter 42. In one example, channel
identifier 44 may detect, during at least one time interval,
whether at least one channel of a spectrum is available foruse.
During this at least one time interval, transmitter quieting unit
43 may refrain from transmitting any data.

FIG. 6 is a block diagram illustrating an example of a
digital TV transformation unit/transmitter 42A, in conjunc-
tion with a channel identifier 44A, which may be imple-
mented within a communication device 30A. In FIG. 6, digi-
tal TV transformation unit/transmitter 42A may be one
example of digital TV transformation unit/transmitter 42
shown in FIG. 5, while channel identifier 44A may be one
example of channel identifier 44 shown in FIG. 5. In the
particular example of FIG. 6, communication device 30A is
capable of broadcasting multimedia data according to a spe-
cific digital broadcast format, ATSC. However, communica-
tion device 30 A may be configured to broadcast according to
other formats or standards. Accordingly, the description of
ATSC is for purposes of illustration and should not be con-
sidered limiting.

Communication device 30A may facilitate low-power
transmission to an ATSC-ready external device, such as a
high-definition or flat-panel television. In this case, the
ATSC-ready device may comprise one of the multimedia
output devices 14A-14N shown in FIG. 2. The ATSC-ready
device may, in some examples, include both a display device
and a tuner/receiver. In these examples, the ATSC-ready
device may comprise one of digital TV receivers 24A-24N
and one of corresponding display devices 26A-26N.

As shown in FIG. 6, digital TV transformation unit/trans-
mitter 42A may include various components, such as video
and/or audio encoders 50A, transport encoder/multiplexer
52A, error correction encoder 54A, ATSC modulator 56A,
radio frequency (RF) duplexer/switch 58A, and transmitter
59A. These components help support data transmission over
aspectrum implementing the ATSC standard. The ATSC stan-
dard is a multi-layered standard that provides layers for video
encoding, audio encoding, transport streams, and modula-
tion. In one example, RF duplexer/switch 58 A may comprise
an ultrahigh frequency (UHF) duplexer/switch. A duplexer
may allow for signals to be received for sensing purses and to
be transmitted for communication purposes. Although ATSC
modulator 56A is illustrated for exemplary purposes, other
types of modulators according to other modulation standards
could also be used.

Video/audio encoders 50A may include one or more video
encoders and one or more audio encoders to encode video
and/or audio data into one or more streams. For example,
video/audio encoders 50A may include a Moving Picture
Experts Group-2 (MPEG-2) encoder or a H.264 encoder
(from the Telecommunication Standardization Sector, ITU-
T) to encode video data. Video/audio encoders 50A may also
include a Dolby Digital (Dolby AC-3) encoder to encoder
audio data. An ATSC stream may contain one or more video
programs and one or more audio programs. Any of the video
encoders may implement a main profile for standard defini-
tion video or a high profile for high-definition resolution
video.

Transport (e.g., MPEG-2 Transport Stream, or TS)
encoder/multiplexer 52A receives the encoded data streams
from video/audio encoders S0A and is capable of assembling
these data streams for broadcast, such as into one or more
packetized elementary streams (PESs). These PESs may then
be packetized into individual program transport streams.
Transport encoder/multiplexer 52A may optionally, in some
instances, provide the output transport streams to an error
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correction encoder 54A (e.g., a Reed-Solomon encoder),
which may perform error correction encoding functionality
by adding one or more error correction codes associated with
the transport streams. These error correction codes may be
used by a data receiver (e.g., data receiver 9 containing error
correction unit 11) for error correction or mitigation.

ATSC modulator 56A is capable of modulating the trans-
port streams for broadcast. In some example cases, for
instance, ATSC modulator 56A may utilize 8 vestigial side
band (8VSB) modulation for broadcast transmission. RF
duplexer/switch 58 A may then duplex the transport streams,
oract as a switch for the transport streams. Transmitter 59A is
capable of broadcasting one or more transport streams to one
ormore external devices using one or more available channels
that are identified by channel identifier 44A.

Channel identifier 44 A includes a database manager 62, a
channel selector 64A, an optional channel selection user
interface (UI) 66A, and a spectrum sensor 70A. Both channel
identifier 44 A and digital TV transformation unit/transmitter
42A are coupled to a memory 60A, which may comprise one
or more buffers. Channel identifier 44A and digital TV trans-
formation unit/transmitter 42A may exchange information
directly, or may also exchange information indirectly through
the storage and retrieval of information via memory 60A.

Channel identifier 44 A includes a spectrum sensor 70A. As
discussed previously, a spectrum sensor, such as spectrum
sensor 70A, is capable of sensing signals in one or more
frequency bands within a broadcast spectrum for a particular
digital TV format, such as ATSC. Spectrum sensor 70A may
determine channel availability and signal strengths based
upon its ability to identify any data that occupies one or more
used channels within the spectrum. Spectrum sensor 70A
may then provide information to channel selector 64A as to
the channels that are currently unused, or available. For
example, spectrum sensor 70A may detect that a particular
channel is available if it does not detect any data being broad-
cast on this channel by any external, separate devices. In this
case, spectrum sensor 70A may indicate to channel selector
64A that the channel is available, allowing channel selector
64A to select the channel for data transmission. Alternatively,
if spectrum sensor 70 A detects that data is being broadcast on
this channel, then the spectrum sensor 70A may indicate to
channel selector 64A that the channel is unavailable.

As shown in FIG. 6, channel selector 64 A may also receive
information from digital TV bands (geo-location) database
via network 72 and database manager 62. Digital TV bands
database 74 is located external to communication device 30A
and includes information regarding channels that are cur-
rently in use or available within the broadcast spectrum for a
particular digital TV format, such as ATSC. Typically, the
digital TV bands database 74 is updated dynamically as chan-
nels are put into use or freed for use by other devices. In some
instances, digital TV bands database 74 may be organized by
geographic location/region or by frequency bands (e.g., low
VHF, high VHF, UHF).

In order for channel identifier 44 A to obtain channel avail-
ability information from digital TV bands database 74, chan-
nel identifier 44A may, in some cases, provide geo-location
information as inputinto digital TV bands database 74. Chan-
nel identifier 44A may obtain geo-location information or
coordinates from geo-location sensor 73, which may indicate
the geographic location of communication device 30A at a
particular point in time. Geo-location sensor 73 may, in some
examples, comprise a GPS sensor.

Upon receipt of geo-location information from geo-loca-
tion sensor 73, channel selector 64 A may provide such infor-
mation, as input, to digital TV bands database 74 via database
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manager 62. Database manager 62 may provide an interface
to digital TV bands database 74. In some cases, database
manager 62 may store a local copy of selected contents of
digital TV bands database 74 as they are retrieved. In addi-
tion, database manager 62 may store select information pro-
vided by channel selector 64A to digital TV bands database
74, such as geo-location information.

Upon sending geo-location information pertinent to com-
munication device 30A, channel selector 64A may receive
from digital TV bands database 74 a set of one or more
available channels as presented listed within digital TV bands
database 74. The set of available channels may be those
channels that are available in the geographic region or loca-
tion presently occupied by communication device 30A, as
indicated by geo-location sensor 73. Blanking of transmitter
59A may occur during spectrum sensing. As outlined in
greater detail below, non-essential data may be encoded or
inserted into the bitstream for a blanking interval so that data
loss does not occur during transmitter blanking. This non-
essential data may be alternatively referred to as miscella-
neous data, and may comprise redundant data or null data.
The non-essential data may be encoded by video/audio
encoders 50A, or inserted by any multiplexer downstream of
video/audio encoders S0A. Different examples may provide
different advantages. As explained in greater detail below,
non-essential data may be inserted by a multiplexer associ-
ated with video/audio encoders (e.g., transport encoder/mul-
tiplexer 52A), or may be inserted by a multiplexer associated
with ATSC modulator 56A (or other modulator for other
modulation standards or techniques). Other multiplexers
could also be used (or even specifically defined) for the inser-
tion of non-essential data during a blanking interval. In some
cases, it can be challenging to ensure that any inserted non-
essential data properly aligns between two field synchroniza-
tion markers (e.g., field syncs) of the modulated physical
layer, i.e., to ensure that a demodulator and decoder that
receive the data do not lose synchronization. Additional
details of several example implementations for the insertion
of non-essential data are discussed in greater detail below.

Upon receipt of available channel information from either
or both of spectrum sensor 70A and digital TV bands database
74, channel selector 64A may select one or more available
channels, either automatically or via user input via channel
selection Ul 66A. Channel selection Ul 66A may present
available channels within a graphical user interface, and a
user of a service or application may select one or more of
these available channels.

In some instances, channel selector 64A may automati-
cally select or identify one or more of the available channels
that are to be used for broadcast transmission by communi-
cation device 30A. For example, channel selector 64A may
utilize information provided by one or more of multimedia
processors 32 (FIG. 5) to determine which one or more of
available channels to identify for broadcast transmission. In
some cases, channel selector 64A may select multiple chan-
nels based upon the demands or needs of the services or
applications that are executing. One or more transport
streams associated with these services or applications may be
broadcast across one or more of the identified channels by
transmitter 59A.

In some cases, database 74, once updated, may indicate
that the selected channels are in use by communication device
30A until communication device 30A sends a subsequent
message to database 74 indicating that the channels are no
longer needed or being used. In other cases, database 74 may
reserve the selected channels for communication device 30A
only for a defined interval of time. In these cases, communi-
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cation device 30 A may send a message to database 74 within
the defined interval of time indicating that device 30A is still
using the selected channels, in which case database 74 will
renew the reservation of the selected channels for a second
interval of time for use by communication device 30A.

One or more clocks 61 A may be included within commu-
nication device 30A. As shown in FIG. 6, clocks 61A may be
utilized by, or drive the operation of, digital TV transforma-
tion unit/transmitter 42A and channel identifier 44A. Clocks
61A may be configured or set by communication device 30A.
In some cases, clocks 61 A may be configured by or synchro-
nized to a clock that is external to device 30A. For example,
device 30A may receive clock or timing information from an
external device (e.g., via geo-location sensor 73) and may
configure or synchronize clocks 61 A based upon the received
information.

For example, in some scenarios, communication device
30A may implement clock functionality that is common with
a receiving device (e.g., data receiver 9 of FIG. 1, for
example). In these scenarios, both communication device
30A and the receiving device may receive clock or timing
information from an external device and synchronize their
own internal clocks based upon the received information. In
such fashion, communication device 30A and the receiving
device may effectively operate using a common clock.

Digital TV transformation unit/transmitter 42A and chan-
nel identifier 44 A may also utilize clocks 61A to synchronize
or align certain operations. For example, as will be described
in further detail below, quieting unit 57 A and spectrum sensor
70A may utilize a common clock (in clocks 61A) to synchro-
nize or align transmission quieting operations with spectrum
sensing operations, such that transmitter 59A refrains from
transmitting data when spectrum sensor 70 A is scanning one
or more channels of a spectrum, in order to minimize inter-
ference issues.

As also shown in FIG. 6, transmitter 59A optionally
includes a quieting unit 57A. Quieting unit 57A may provide
transmission quieting intervals during which time digital TV
transformation unit/transmitter 42A refrains from transmit-
ting data, such as by temporarily disabling or even turning off
transmitter 59A. In one example, channel identifier 44 A may
detect, during at least one time interval, whether at least one
channel of a spectrum is available for use. During this at least
one time interval, quieting unit 57A may cause transmitter
59A to refrain from transmitting any data.

In some examples, quieting unit 57A may be included, or
part of, another functional block within digital TV transfor-
mation unit/transmitter 42A. For example, rather than being
part of transmitter 59A, quieting unit 57A may be part of
modulator 56A. In this example, quieting unit 57A may tem-
porarily turn off or disable modulator 56 A during the trans-
mission quieting intervals. As will be described in further
detail below, the transmission quieting intervals may, in many
cases, occur with a static or dynamically defined frequency
over time. The duration of the transmission quieting intervals
may be the same or may change over time. In some examples,
the frequency and duration of the transmission quieting inter-
vals may be based upon the corresponding frequency and
duration of the spectrum sensing intervals implemented by
spectrum sensor 70A, as described further below.

FIG. 7 is a block diagram illustrating another example of a
digital TV transformation unit/transmitter 42B, in conjunc-
tion with a channel identifier 44B, which may be imple-
mented within a communication device 30B. In FIG. 7, digi-
tal TV transformation unit/transmitter 42B may be one
example of digital TV transformation unit/transmitter 42
shown in FIG. 5, while channel identifier 44B may be one
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example of channel identifier 44 shown in FIG. 5. Digital TV
transformation unit/transmitter 42B and channel identifier
44B may each store and retrieve information from memory
device 60B. Similar to digital TV transformation unit/trans-
mitter 42A, digital TV transformation unit/transmitter 42B
includes one or more video/audio encoders 50B, a transport
encoder/multiplexer 52B, an error correction encoder 54B, an
ATSC modulator 56B, an RF duplexer/switch 58B, and trans-
mitter 59B, which optionally includes a quieting unit 57B. In
some examples, quieting unit 57B may be part of modulator
56B. One or more clocks 61B may be utilized by both digital
TV transformation unit/transmitter 42B and channel identi-
fier 44B. Although ATSC modulator 56B is illustrated for
exemplary purposes, other types of modulators according to
other modulation standards could also be used.

Channel identifier 44B of FIG. 7 differs from channel
identifier 44A of FIG. 6 in that channel identifier 44B does not
include a database manager interfacing to a digital TV bands
database. In FIG. 7, channel identifier 44B includes only a
spectrum sensor 70B. Because no geo-location functionality
is implemented in the example of FIG. 7, communication
device 30B does not include a geo-location sensor. Channel
selector 64B identifies one or more available channels for
broadcast transmissions based upon the input received from
spectrum sensor 70B. Channel selector 64B may also receive
a user selection of a channel from a list of available channels
via channel selection Ul 66B. The list of available channels
may be presented on the channel selection UI 66B based upon
the sensed signal information provided by spectrum sensor
70B.

FIG. 8 is a flow diagram illustrating an example of a
method that may be performed by a communication device,
such as one or more of the communication devices shown in
FIGS. 1-5, to perform transmitter quieting during spectrum
sensing, although transmitter quieting may also be performed
in accordance with this disclosure for other sensing or non-
sensing reasons. For purposes of illustration only in the
description below of FIG. 8, it will be assumed that the
method of FIG. 8 may be performed by communication
device 30 shown in FIG. 5.

Communication device 30 may refrain, during at least one
time interval, from transmitting any data from the communi-
cation device (80), such as, for example, to help minimize or
avoid potential signal interference between data transmission
and spectrum sensing operations. Communication device 30
may detect, during the at least one time interval, whether any
channel of a spectrum is available for use (82). During the at
least one time interval, communication device may identify at
least one available channel in the spectrum. Subsequent to
one time interval during which spectrum sensing is per-
formed, or in between time intervals during which spectrum
sensing is performed, communication device 30 may transmit
data of a digital broadcast format in the at least one identified
available channel (84). FIGS. 10 and 11 show further exem-
plary details of these features, and will be described in further
detail below.

Communication device 30 may comprise a multimedia
communication device having multimedia capabilities, and
the data may comprise multimedia data including at least one
of'audio data, video data, text data, speech data, and graphics
data. In some examples, the digital broadcast format may be
an ATSC format, a T-DMB format, a DVB format, an ISDB-T
format, or an MPEG-TS format (to name only a few
examples), though various other digital formats may also be
utilized. Device 30 may use one or more video and/or audio
encoders (e.g., video/audio encoders 50A shown in FIG. 6 or
video/audio encoders 50B shown in FIG. 7) and/or multiplex-
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ers, along with one or more modulators/duplexers/switches,
when transforming the multimedia data. Transforming the
multimedia data may include encoding the multimedia data to
comply with the digital broadcast format, and modulating the
encoded multimedia data.

Device 30 may identify at least one available channel of a
spectrum (e.g., using a channel identifier, such as channel
identifier 44 of FIG. 5). Such identification may, in some
cases, be initiated by the device 30. For example, device 30
may use a spectrum sensor (e.g., spectrum sensor 70A of FIG.
6 or spectrum sensor 70B of FIG. 7) and/or information
accessed from a digital TV bands database (e.g., digital TV
bands database 74 of FIG. 6) to identify the at least one
available channel. In some cases, device 30 may identify the
at least one available channel in an unused portion of a broad-
cast spectrum, such as a broadcast television spectrum. In
some cases, the at least one available channel may comprise
television band white space. The digital broadcast format
may comprise an ATSC format, a T-DMB format, a DVB
format, an ISDB-T format, or an MPEG-TS format, to name
only a few non-limiting examples.

In some examples, device 30 may utilize a channel identi-
fier to identify at least one other available channel for subse-
quent transmission and/or broadcasting of data if the at least
one available channel becomes occupied (e.g., by a licensed
user). In some cases, device 30 may use a channel identifier to
detect, during at least one subsequent time interval, whether
the at least one identified available channel is still available or
has become occupied by another user. Device 30 may use a
spectrum sensor and/or access a geo-location database, in
some cases, when making a determination as to whether any
channel or channels of the spectrum is/are available for use
based on geo-location. That is, the frequencies scanned for
availability may be determined based on the geo-location of
device 30.

Thus, in one example, device 30 determines geographic
coordinates associated with device 30, determines one or
more particular frequencies available in a white space based
on the geographic coordinates of device 30, performs white
space sensing at the one or more particular frequencies based
on the geographic coordinates of device 30 to determine
whether the one or more particular frequencies are available
for use, and transmits data via a transmitter at the one or more
particular frequencies subject to determining that the one or
more particular frequencies are available for use. Device 30
may blank it transmitter when performing the white space
sensing, as described herein.

In one example, device 30 may include a geo-location
sensor (e.g., geo-location sensor 73 of FIG. 6) to determine
geographic coordinates of device 30. Device 30 may then
provide the geographic coordinates as input to the digital TV
bands database. Available channels may be geographically
defined in some cases, and therefore, white space sensing
may likewise be based on the geographic coordinates associ-
ated with device 30 at any given time.

When device 30 utilizes a spectrum sensor, device 30 may
assign one or more quality values to a first group of channels
based upon qualities of detected signals associated with the
first group of channels. The quality values may be based on
noise levels, interference (e.g., from extraneous signals or
unauthorized/unlicensed users), or other factors. For
example, device 30 may utilize the spectrum sensor to obtain
certain quality values for each individually sensed channel
within a defined frequency range or band, such as interference
levels or signal-to-noise ratios that may be associated with the
channels.
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Device 30 may utilize meta information provided by these
quality values to assess the quality of each channel (e.g., low
quality, medium quality, high quality). For example, if the
quality values for an available channel indicate that the chan-
nel would have a high signal-to-noise ratio with a low amount
of interference, device 30 may determine that the channel
may be a high-quality channel. On the other hand, if the
quality values for the available channel indicate that the chan-
nel would have a low signal-to-noise ratio or have a high
amount of interference, device 30 may determine than the
channel may be a low-quality channel.

After device 30 has identified at least one available chan-
nel, device 30 may transmit (e.g., via transmitter S9A of F1G.
6 or transmitter 59B of FIG. 7) the transformed data (e.g., to
one or more separate, external devices) in the at least one
identified available channel. For example, device 30 may
initiate a broadcast transmission to one or more external
multimedia output devices, such as television devices, upon
request of device 30.

As noted above, device 30 may assign one or more quality
values to a first group of channels based upon qualities of
detected signals associated with the first group of channels. In
some instances, device 30 may utilize its channel identifier to
detect, during a first time interval, whether the first group of
channels are available for use, detect, during a second and
subsequent time interval, whether a second group of channels
are available for use, where the second group of channels
comprises a subset of the first group of channels. Device 30
may select the second group of channels based upon the
quality values assigned to the first group of channels. FIG. 9
shows further details and examples related to such channel
detection.

In some examples, device 30 may detect, during multiple
distinct time intervals, whether any channel of the spectrum is
available for use, and refrain (e.g., using a quieting unit, such
as the one shown in FIG. 6 or FIG. 7), during each of the
multiple distinct time intervals, from transmitting any data
from device 30. The multiple distinct time intervals may or
may not have the same time duration. For example, at least
two of the multiple distinct time intervals may be of different
duration. Furthermore, device 30 may change a frequency at
which the detecting occurs. In some examples, communica-
tion device 30 may turn off or disable transmission function-
ality of the communication device during the at least one time
interval.

In some examples, device 30 may generate a data stream
that includes transmission data and miscellaneous data, and
may refrain, during the at least one time interval (e.g., the
“quiet time”), from transmitting the miscellaneous data of the
data stream. As will be described in further detail below, the
miscellaneous data may, in certain instances, comprise non-
essential data including null data, padded data, or even redun-
dant data, as described further below. In general, such data is
non-essential in that the data is not needed by a decoder to
decode multimedia data carried by the transmission data.
Device 30 may refrain, during at least one other time interval,
from detecting whether any channel of the spectrum is avail-
able for use, and may transmit, during the at least one other
time interval, the transmission data of the data stream.

In some cases, communication device 30 may select the at
least one time interval to occur prior to a scene change or
acquisition point (e.g., one or more intra coded frames) in the
transmission data of the data stream, as will be described in
more detail below. In some cases, communication device 30
may insert one or more error correction codes into the trans-
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mission data of the data stream for use by a data receiver (e.g.,
data receiver 9 of FIG. 1) upon receipt of the transmission
data.

FIG. 9 is a flow diagram illustrating an example of a
method that may be performed by a communication device,
such as one or more of the communication devices shown in
FIGS. 1-5, to perform spectrum sensing. For purposes of
illustration only, in the description below of FIG. 9, it will be
assumed that the method shown in FIG. 9 is performed by
communication device 30 shown in FIG. 5.

During an initial state, communication device 30 may scan
an initial set of channels in an effort to identify one or more
available channels for transmission (90). For example, com-
munication device 30 may utilize its channel identifier 44,
including a spectrum sensor (e.g., spectrum sensor 70A of
FIG. 6 or spectrum sensor 70B of FIG. 7), to scan the initial
set of channels and identity one or more available channels in
the set. For example, channel identifier 44 may scan all of the
channels in a particular frequency band or range upon initial-
ization, or may scan all of the channels that channel identifier
44 has determined may be available based upon previously
received or pre-programmed information. For instance, chan-
nel identifier 44 may be pre-programmed to scan a defined
group of channels in this initial state. In other situations,
channel identifier 44 may have received information from a
geo-location database (e.g., geo-location database 74 of FIG.
6) specifying which channels should or may be available.

After scanning the initial set of channels, communication
device 30 may assign quality values to the scanned channels
(92). For example, communication device 30 may assign a
particular quality value to each of the scanned channels. The
quality values may be based on signal levels, noise levels,
signal to noise levels, received signal strength indication
(RSSI), interference (e.g., from extraneous signals or unau-
thorized/unlicensed users), or other factors. For example,
communication device 30 may utilize its spectrum sensor to
assign certain quality values for each individually sensed
channel within a defined frequency range or band, such as
interference levels or signal-to-noise ratios that may be asso-
ciated with the scanned channels.

Subsequently, during steady-state operation, communica-
tion device 30 may identify a subset of channels (94). For
example, communication device 30 may identify the subset
of'channels based upon one or more criterion, such as channel
availability and/or quality values assigned to the channels. In
some cases, communication device 30 may include any chan-
nels that were previously identified as available within the
subset of channels. In some cases, communication device 30
may include channels within the subset based upon the qual-
ity values that were previously assigned to the channels. For
instance, communication device 30 may include channels
that were assigned high quality values, with respect to other
channels, during initialization, e.g., based upon low interfer-
ence levels or high signal-to-noise ratios for these channels.
In one particular scenario, communication device 30 may
select a previously identified available channel and another
group of channels having high quality values as the subset of
channels.

Upon identification of the subset of channels, communica-
tion device 30 may then scan those channels within this subset
(96), such as by using a spectrum sensor. Device 30 may then
assign new quality values to each of the channels in the
scanned subset of channels (98), thereby updating the quality
values of the channels based upon the updated spectrum
sensing information. During steady-state operation, commu-
nication device may repeat these operations, as shown in FIG.
9, to perform spectrum sensing.
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Thus, as is shown in FIG. 9, communication device 30 may
scan various different groups of channels at different points to
perform spectrum sensing operations. The actual channels
that are scanned may vary. In the example shown, communi-
cation device 30 may scan an initial set of channels during
initialization, but may scan a smaller subset of channels dur-
ing steady-state operation. As will be described in more detail
below, communication device 30 may vary the length of time
that it performs spectrum sensing over various iterations, and
may also vary the frequency at which it performs spectrum
sensing, as well.

FIG.10is a timing diagram illustrating example data trans-
mission and spectrum sensing duty cycles. Example spectrum
sensing duty cycle 102 indicates when spectrum sensing
operations may be turned on or off, or when such operations
are enabled or disabled. As shown in FIG. 10, spectrum sens-
ing operations may be turned on (“ON”) for defined intervals
of time, and may also be turned off (“SENSOR OFF”) for
defined intervals of time, such as during steady state opera-
tion. A spectrum sensor of a communication device (e.g.,
spectrum sensor 70A of FIG. 6, spectrum sensor 70B of FIG.
7) may utilize or implement such a spectrum sensing duty
cycle 102 when performing spectrum sensing operations. As
a result, the spectrum sensor may scan groups of channels,
e.g., during initialization or steady state, for certain lengths of
time. The length or interval of time during which channels are
scanned, and the frequency at which scanning occurs, may
vary over time, and may define duty cycle 102.

Example data transmission duty cycle 100 indicates when
data transmission operations may be turned on or off, or when
such operations are enabled or disabled. As shown in FIG. 10,
data transmission operations may be turned on (“Tx ON”) for
defined intervals of time, and may also be turned off (“Tx
OFF”) for defined intervals of time. A transmitter of a com-
munication device may utilize or implement such an example
data transmission duty cycle 100 when performing data trans-
mission operations. For example, quieting unit 57A (FIG. 6)
or quieting unit 57B (FIG. 7) may turn off or disable trans-
mission of data based upon a transmission duty cycle, such as
data transmission duty cycle 100. The length or interval of
time during which quieting occurs, and the frequency at
which quieting occurs, may vary over time, and may define
duty cycle 100.

As shown in the example of FIG. 10, the communication
device may synchronize or otherwise align spectrum sensing
and transmission quieting operations, such that the commu-
nication device turns oft or disables data transmission opera-
tions while performing spectrum sensing. In FIG. 10, while
spectrum sensing is turned on or enabled, data transmission
functionality is turned off or disabled (e.g., quieted). Con-
versely, while spectrum sensing is turned off or disabled, data
transmission is turned on or enabled. In such fashion, the
communication device does not transmit data while it per-
forms spectrum sensing in order to avoid potential interfer-
ence issues.

In order to synchronize or align the spectrum sensing and
transmission quieting operations, a common clock may be
used. For example, as shown in FIG. 6, quieting unit 57A and
spectrum sensor 70 A may utilize clock 61 A during operation.
Similarly, as shown in FIG. 7, quieting unit 57B and spectrum
sensor 70B may utilize clock 61B.

The communication device may change or configure the
duty cycles 100 and 102 shown in FIG. 10 over time. For
example, the device may alter the length or interval of time
that spectrum sensing and transmission quieting occurs, and
may also alter the frequency at which such operations are
performed, as shown in the example of FIG. 11.
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In one example scenario, the communication device may
transmit or broadcast data to a data receiver using one or more
available channels according to an ATSC format. In this sce-
nario, the communication device may utilize a spectrum sen-
sor to detect for licensed use signals for specified time inter-
vals and at a particular frequency, either of which may be
statically or dynamically configured. The maximum frame
rate supported by ATSC may be approximately thirty frames
per second, which amounts to approximately thirty three
milliseconds per frame. If the communication device utilizes
quieting intervals of ten milliseconds, any errors introduced
into the transported stream may be recoverable through stan-
dard error recovery and/or concealment techniques in a data
receiver (e.g., data receiver 9 of FIG. 1), given the duration of
the quieting intervals with respect to the frame rate. The
communication device may insert or add extra error correc-
tion codes into the broadcast stream for use by the data
receiver. The intervals corresponding to “Tx Off” and sensor
“ON” (or other time intervals) may also include transition
periods or so-called soft periods where the sensor and the
transmitter are on or off.

FIG. 11 is a timing diagram illustrating another example of
data transmission and spectrum sensing duty cycles. In this
example, spectrum sensing duty cycle 122 includes various
different time intervals. During a first time interval (“t17), a
spectrum sensor may perform spectrum sensing to scan for
one or more available channels. During a subsequent, second
time interval (“12”), the sensor may again perform spectrum
sensing. In this example, the second time interval is less than
the first time interval, indicating that the spectrum sensor
spends a shorter interval of time scanning for available chan-
nels during the second time interval in this particular, non-
limiting example. In addition, the spectrum sensor may scan
the same or different groups of channels during these inter-
vals. For instance, the sensor may scan a first set of channels
during the first time interval, but scan a second set of channels
during the second time interval. The second set of channels
may include fewer channels than the first set, though certain
channels may be included within the first and second sets.

In general, FIG. 11 is meant to illustrate that the time
intervals during which sensing is performed may vary over
time. In addition, the channels that are scanned during these
intervals may also vary. For instance, as stated earlier, during
initialization, a large group of channels may be initially
scanned. However, during subsequent steady-state operation,
a smaller group of channels may be scanned during spectrum
sensing operations. The communication device may select or
be configured to use any number of different intervals when
performing spectrum sensing over the course of time.

FIG. 11 shows that, during these same two time intervals
“t1” and “12”, data transmission operations may be quieted, as
shown in transmission duty cycle 120. Thus, similar to the
spectrum sensing intervals, the transmission quieting inter-
vals may also vary over time.

In addition, FIG. 11 shows that the frequency at which
spectrum sensing and transmission quieting occurs may also
vary over time. In FIG. 11, a third time interval (“t3”") occurs
between consecutive sensing/quieting events. A fourth time
interval (“14”) occurs between another group of consecutive
sensing/quieting events, where the fourth time interval is
longer than the third time interval. In this example, the fre-
quency at which spectrum sensing and transmission quieting
occurs has decreased. In general, FIG. 11 illustrates one
example ot how such a frequency can vary over time. In some
instances, it may be desirable to vary the length of time
spectrum sensing occurs (e.g., the sensing intervals) and/or
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the frequency at which sensing is performed in order to obtain
diverse sensing samples over time.

A communication device may be configured to select or
determine the various time intervals of sensing or quieting, or
the frequencies at which these events occurs. In some situa-
tions, the communication device may dynamically change
these time intervals or frequencies over the course of time
based upon one or more factors. For example, if varying
number of channels need to be scanned, the time intervals
during which sensing occurs may be altered. Also, in some
cases, based upon needs or demands of applications executed
by the communication device, the time intervals of sensing/
transmission may be dynamically altered to meet such needs
or demands. In certain situations, the device may wish to
perform spectrum sensing more frequently if the device has
determined that various channels have low quality values,
with the goal of subsequently identifying and selecting chan-
nels that may have higher quality values.

Because the transmitter may be quieted, however, during
various time intervals, it is possible that the data receiver (e.g.,
data receiver 9 of FIG. 1) may receive a discontinuous stream
of data that may potentially include gaps in the data flow. In
certain cases, the data receiver may include an error correc-
tion unit to perform error correction or concealment in order
based upon the discontinuous data flow. In these cases, the
communication device containing the transmitter may
include additional error codes that may be used by such an
error correction unit in the receiver. However, in some
examples, the communication device, in conjunction with its
transmitter, may actually create or engineer the transmitted
data stream by taking into account the quieting intervals, as
shown in FIG. 12.

FIG. 12 is a conceptual diagram illustrating an example
data transmission duty cycle 160 and corresponding data
stream 140 that may be transmitted by a communication
device, such as by one of the communication devices shown
in FIGS. 1-5. The transmission duty cycle 160 shows various
different quieting intervals (“Tx OFF”). Data stream 140
includes a continuous stream of data including various trans-
mission data 142, 146, 150, and 154. Data stream 140 also
includes miscellaneous data 144, 148, and 152 interspersed
between the transmission data 142, 146, 150, and 154. In
certain cases, miscellaneous data 144, 148, and 152 may
comprise null data, padded data, redundant data, or other data
not necessarily needed by a data receiver to decode and pro-
cess the transmission data 142, 146, 150, and 154.

As shown in FIG. 12, data stream 140 may be sent by a
transmitter of a communication device over an interval of
time during which the transmitter may be quieted (e.g., turned
off, disabled) according to duty cycle 160. When the trans-
mitter is on, the transmitter may first transmit data 142, which
is part of data stream 140. When the transmitter is then qui-
eted, the transmitter will not transmit miscellaneous data 144,
which is included between data 142 and data 146 in stream
140. In some examples, miscellaneous data may comprise
null data. In some examples, as described further below, the
miscellaneous data may comprise redundant data, or pad
data, that may not be required or necessary for decoding data
stream 140.

Because the communication device knows that certain data
included within stream 140 will not actually be transmitted
due to the timing of the quieting intervals, the communication
device is capable of intelligently inserting miscellaneous data
into stream 140 that may not needed by a data receiver to
decode or otherwise process relevant data from stream 140.
The length or size of miscellaneous data 144, 148, and 152
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may be based upon the duration of the quieting intervals and
the rate at which data within stream 140 is transmitted.

As one example, video/audio encoders 50A (FIG. 6) or
50B (FIG. 7) and/or transport encoder/multiplexer 52A or
52B may generate information to be included within stream
140. Thus, in certain cases, the engineering or generation of
stream 140 may be performed at an application or transport
level, in which case transmission data 142, 146, 150, and 154
may be broken down further into smaller-size physical data
units. Packet buffers may be used (e.g., within memory 60A
of FIG. 6 or memory 60B of FIG. 7) for storing any of the data
that is to be included within stream 140. Video/audio encod-
ers (50A or 50B) and/or transport encoder/multiplexer (52A
or52B) may access these buffers in order to control the size of
transmission and other miscellaneous packets, and may also
control the timing at which the data within stream 140 is
processed, based upon the quiet time intervals and frequen-
cies.

Stream 140 may include multiplexed data. For example,
stream 140 may include one or more packetized streams of
audio, video, graphics, text, speech, and other data. Transport
encoder/multiplexer 52A or 52B is capable of multiplexing
various data streams, including audio and video streams.
Transport encoder/multiplexer 52A or 52B is further capable
of multiplexing miscellaneous (e.g., null) data with transport
stream data to form multiplexed data to be included within
stream 140.

For example, a digital TV transformation unit/transmitter
(e.g., transformation unit/transmitter 42A of FIG. 6, transfor-
mation unit/transmitter 42B of FIG. 7) may selectively insert
miscellaneous data 144, 148, and 152 into data stream 140 at
identified locations within data stream 140 that is not needed
by a data receiver in order to process transmission data 142,
146, 150, and 154. Thus, based upon data transmission duty
cycle 160 and the indicated quieting intervals, the transfor-
mation unit/transmitter may transmit data 142, 146, 150, and
154, but will not transmit miscellaneous data 144, 148, and
152. In various examples, the miscellaneous data may com-
prise null, padded, redundant, or other non-essential data not
needed for decoding or otherwise processing transmission
data 142, 146, 150, and 154. The miscellaneous data may be
encoded into the bistream by a multimedia encoder or
inserted by one of several possible multiplexers downstream
from the encoder. In some cases, an application layer multi-
plexer is used to insert data and in other cases a physical
transport layer multiplexer is used. For example, a multi-
plexer that produces an MPEG-2 transport stream (TS) may
be used to insert the miscellaneous data into a multiplexed
transport stream that includes video and audio data. These
different examples are discussed below, and may have difter-
ent features, advantages and drawbacks.

The transformation unit/transmitter may be able to accu-
rately engineer or create data stream 140 based upon defined
information related to the data transmission in general, such
as the transmission rate, data transmission and/or sensing
duty cycle information, and quieting interval/duration infor-
mation. Based upon such information, the transformation
unit/transmitter is capable of generating the example data
stream 140 shown in FIG. 12, with miscellaneous data 144,
148, and 152 interspersed between data 142, 146, 150, and
154.

For instance, in one example scenario, data 142 may com-
prise 990 milliseconds worth of substantive data that is to be
transmitted, and miscellaneous data 144 may 10 milliseconds
worth of null video and audio packets that will not be trans-
mitted due to the corresponding quieting interval shown in
transmission duty cycle 160. Packet data 142 may include
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time stamps corresponding to the coded frame rate in video
and/or audio frame packet headers.

In another example scenario, miscellaneous data 144 may
include padded data, such as user-defined video object layer
data. Alternatively, miscellaneous data 144 may include
redundant data instead of null data (e.g., redundant slice data
based upon highest entropy data for error recovery). In some
examples, audio packets may be appended with null data
encapsulated in user-defined headers. Miscellaneous data
148 and 152 may include data similar to miscellaneous data
144.

The communication device may create or utilize data
stream 140 in various instances to minimize the impact of
transmission quieting during the quieting interval by includ-
ing miscellaneous data 144, 148, and 152. For example, when
sending the data to a remote data receiver, it is possible that
the communication device and the remote data receiver are
not synchronized to, or otherwise operate according to, a
common clock. In this case, the communication (i.e., trans-
mitting) device may create stream 140 for transmission based
upon its own internal clock and the duty cycle 160, which
includes known quieting intervals and frequencies. As a
result, the communication device is capable of intelligently
inserting miscellaneous data 144, 148, and 152 into stream
140 based upon the timing of the quieting intervals, such that
the miscellaneous data 144, 148, and 152 is not sent to the
remote data receiver.

As shown in FIG. 12, transmission data (e.g., transmission
data 154 or other data elements) may optionally include addi-
tional error correction data 155. Error correction data 155
may include one or more additional error codes transmitted
along with packetized data. An error correction encoder (e.g.,
error correction encoder 54A of FIG. 6, error correction
encoder 54B of FIG. 7) may insert such additional error
correction codes into error correction data 155. These error
correction codes may be used by a device that receives stream
140 (e.g., data receiver 9 of FIG. 1) to perform error correc-
tion or concealment techniques that minimize the impact of
transmission quieting. In some instances, the transmitting
communication device may include error correction data
within a data stream without including miscellaneous data,
such as miscellaneous data 144, 148, and 152.

FIG. 13 is a diagram illustrating an example stream of data
170, including data content for multiple groups of pictures
separated by miscellaneous data, where the miscellaneous
data may not be transmitted during transmission quieting
intervals. In this example, the group of pictures (GOP) con-
tent may, in some cases, comprise multiple frames of data,
including 1 (intra, or intra-coded) frames, P (predictive)
frames, and B (bi-directional predictive) frames. In many
instances, a GOP may include one I frame followed by mul-
tiple P or B frames, although any individual GOP may include
more than one | frame in certain cases. As known by those of
skill in the art, I frames, P frames, and B frames may comprise
encoded video data that may be transmitted to a data receiver,
such as, for instance, data receiver 9 shown in FIG. 1.

As shown inthe example of FIG. 13, each GOP is separated
by miscellaneous data within stream 170. Similar to the mis-
cellaneous data shown in FIG. 12, the miscellaneous data
within stream 170 of FIG. 13 may not be transmitted to a data
receiver due to the timing of transmission quieting intervals
(e.g., as per a transmission duty cycle, such as duty cycle 160
of FIG. 12). In various examples, the miscellaneous data may
comprise null data, padded data, or redundant data that is not
needed by a data receiver to decode or otherwise process the
received GOP content within stream 170.
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In some examples, each GOP may comprise a fixed GOP
length for video encoding, with an I frame at the beginning of
each GOP. For example, in one specific scenario, a commu-
nication device may utilize application or transport level cod-
ing to include an I frame at the beginning of each defined time
interval (e.g., at the beginning of each second) and insert
miscellaneous data, such as null data, at the end of each
defined time interval (e.g., at the end of each second) to align
with the quieting interval. The length of the miscellaneous
data may be based upon the duration of the quieting intervals
and the rate at which data within stream 170 is transmitted.

The communication device may determine the defined
time interval according to a clock that is synchronized or
aligned with a remote device that receives data stream 170
upon its transmission. Because both the communication
device (i.e., transmitting device) and the remote receiving
device are aligned to a common clock (e.g., a global position-
ing satellite clock source), the communication device is
capable of inserting I frames and miscellaneous data at the
defined time intervals, which may then be appropriately pro-
cessed by the remote receiving device. For instance, the
remote device is capable of decoding the GOP content and
ignoring the miscellaneous (e.g., null) data.

These time intervals may be determined or programmed by
the communication device. In some cases, the communica-
tion device may communicate the duration of the time inter-
vals to the remote device dynamically in an initial data com-
munication. In other cases, the remote device may be pre-
programmed to operate according to predefined time
intervals that have also been pre-programmed into the trans-
mitting communication device.

A transmitting communication device is capable of con-
figuring or even dynamically changing sensing and transmis-
sion duty cycles, along with the ordering and content of
information included within a data stream (e.g., stream 170),
in order to provide transmission quieting just before acquisi-
tion points or in between GOP content. By inserting miscel-
laneous data between GOP content, the communication
device is capable of keeping the coding/decoding system
clock operational and may help minimize any timing jitter in
stream 170, thereby allowing more seamless operation at the
data receiver upon receipt of the GOP content of stream 170.
Thus, the communication device is capable of statically or
dynamically configuring the quieting duty cycle such that
quieting intervals are strategically aligned before on acquisi-
tion point, new GOP content, or even a scene change, as
shown in FIG. 14.

FIG. 14 is a diagram illustrating an example stream of data
172, including data content for multiple scenes separated by
miscellaneous data, where the miscellaneous data may not be
transmitted during transmission quieting intervals. FIG. 14
illustrates an example in which the communication device is
capable of configuring or even dynamically changing sensing
and transmission duty cycles, along with the ordering and
content of information included within a data stream (e.g.,
stream 172), in order to provide transmission quieting just
before a scene change (e.g., a multimedia or video scene
change).

FIG. 14 shows different scenes (e.g., data associated with a
first scene, data associated with a second scene) separated by
miscellaneous data. The placement and size of the miscella-
neous data may be based upon the quieting intervals of a
transmission duty cycle and the frequency at which the qui-
eting intervals occur. In the example of FIG. 14, the data of a
first scene is transmitted, and the data of the second scene is
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subsequently transmitted after a quieting interval. The mis-
cellaneous data within stream 172 is not transmitted to a data
receiver.

Thus, the transmitting communication device is capable of
configuring or even dynamically changing sensing and trans-
mission duty cycles, along with the ordering and content of
information included within a data stream (e.g., stream 172),
in order to provide transmission quieting just before a scene
change. As a result, the duty cycles may be modified based
upon the actual content of the data to be transmitted. In
addition, the communication device may insert miscella-
neous data into the stream 172 at select points. The length or
size of the miscellaneous data may be based upon the quieting
interval and the rate at which data within stream 172 is trans-
mitted.

FIG. 15 is diagram illustrating an example stream of data
180, including multiple frames of data separated by miscel-
laneous data, where the miscellaneous data may not be trans-
mitted during transmission quieting intervals. In this
example, one or more of the frames may comprise a GOP. As
shown in FIG. 15, a first group of frames may comprise an [
frame followed by one or more P or B frames, collectively
comprising a first GOP. A second GOP may include another |
frame followed by one or more P or B frames. In this example,
the miscellaneous data, which is not transmitted, may be
located just before an acquisition point (e.g., just before an |
frame).

In some cases, a GOP may include more than one I frame,
though many GOPs may include just one I frame. The mis-
cellaneous data may include null or redundant data. For
example, the redundant data could comprise one or more
redundant I, P, or B frames. The redundant data may, in some
cases, be based upon the highest entropy data within indi-
vidual GOPs.

In some examples, a transmitting communication device
may utilize application or transport level coding to include an
I frame at the beginning of each defined time interval (e.g., at
the beginning of each second) and insert miscellaneous data,
such as null data, at the end of each defined time interval (e.g.,
at the end of each second) to align with the quieting interval.
The length of the miscellaneous data may be based upon the
duration of the quieting intervals and the rate at which data
within stream 180 is transmitted. The transmitting device
may implement such an algorithm in certain cases where its
operating clock is synchronized or otherwise aligned with the
operating clock of a device that receives stream 180.

FIG. 16 is a diagram illustrating an example stream of data
182, including multiple frames of data separated by redun-
dant frame data, where the redundant frame data may not be
transmitted during transmission quieting intervals. Stream
182 is a particular example of stream 180 shown in FIG. 15.
In stream 182, the miscellaneous data that separates GOP
content comprises redundant I frame data, such as complete
or partial I frame data. Such redundant data may, in some
cases, comprise redundant slice data that may be based, for
instance, on highest entropy data within data stream 182.

This disclosure presents a variety of additional techniques
for quieting data transmission to promote reliable sensing of
one or more available channels of a spectrum, such as a white
space spectrum. These additional techniques may be used
independently or in various combinations with one another or
with techniques described elsewhere in this application. In
some implementations, such techniques may be helpful in
promoting media quality, reduced latency, efficient band-
width usage, and/or overall quality of experience for users
when transmitter quieting operations are performed for spec-
trum sensing.
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Transmitter quieting operations generally involve turning
the transmitter off for short intervals of time. During a trans-
mitter quieting interval, the transmitter does not transmit
multimedia data, such as audio and/or video data, to a
receiver. Transmitter quieting operations could result in gen-
eration of errors, loss of data, and/or increased latency, e.g., at
the application layer. Alternatively, or additionally, transmit-
ter quieting operations could result in loss of synchronization,
e.g., at the physical layer.

The additional techniques described in this disclosure may
include techniques for adaptive video encoding, reduced
latency, synchronous modulation, and/or coordinated control
of video coding, sensing, and/or modulation. Examples of
these techniques are described below, in some cases with
reference to FIGS. 17-27. In some examples, the techniques
may support a low latency design for transmitter quieting
with reduced impact to performance (e.g., latency, audio-
video (AV) quality, quality of experience, and/or bandwidth
efficiency) and real-time operation, e.g., in an ATSC system,
using adaptive video encoding. However, an ATSC system is
described below for purposes of example. The techniques
described in this disclosure may be applied to other modula-
tion systems.

In an ATSC system, as an example, a service multiplexer
(MUX) multiplexes encoded video packets, encoded audio
packets, and ancillary data packets to form an MPEG-2 trans-
port stream (TS). Ancillary data may include closed caption
data for the hearing impaired, program and system informa-
tion protocol (PSIP) data, or other data. An ATSC modulator
receives the transport stream, and increases the bit rate of the
data, if necessary, e.g., to 19.4 Mbps. This bit rate may be
necessary for the components of the ATSC modulator to
function properly. The reference to ATSC is as an example.
Concepts and methods described can be extended and apply
to other broadcast technologies as well.

Spectrum sensing to determine whether a channel is cur-
rently available or remains available may be performed peri-
odically. Spectrum sensing may also be performed at arbi-
trary instances that may occur at an opportune time aligned to
various operations within the system. For example, spectrum
sensing may be performed during black fades in content, or
when interference levels are high, at arbitrary times and for
different durations. In some cases, spectrum sensing may be
performed at least once per minute. During a spectrum sens-
ing operation, there may be a loss by the receiver of transmit
packets because the transmitter is quieted or, in other words,
blanked. The loss of transmit packets, at the application layer,
can produce data errors and latency, as discussed above.

At the physical layer, a receiver may be designed with a
phase locked loop (PLL) or other hardware that latches onto
synchronization signals in the transmitted data stream. When
the transmitter is quieted, i.e., turned off during a transmitter
quieting interval for spectrum sensing, synchronization sig-
nals (e.g., field synchronization signals in ATSC) may be
unavailable. Hence, quieting of the transmitter during spec-
trum sensing may result in the loss of a number of synchro-
nization signals sufficient to cause the receiver to lose syn-
chronization.

Loss of synchronization may require the receiver to per-
form resynchronization after the transmitter again becomes
active following the end of the transmitter quieting interval.
Resynchronization can require some amount of time, result-
ing in loss of data, or add delays in the system resulting in
large latencies. Loss of data can cause data errors and latency,
which can result in reduced quality of experience for users on
the receiver side. Accordingly, it may be desirable to mitigate
or avoid resynchronization.
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Adaptive multimedia coding techniques may be applied to
control placement of null data in a coordinated manner with
transmission quieting intervals and with portions of the trans-
port data stream received by a modulator. The null data may
contain null packets that each contain null data, such as zero-
valued bits, or other miscellaneous data. Other examples of
null data may include redundant I frame data, such as com-
plete or partial I frame data, redundant slice data, or other
data. Hence, the null packets may include zero-valued data
but could include other types of miscellaneous data such as
redundant data, pad data, or the like, as described in this
disclosure. The miscellaneous data may be non-essential in
the sense that it is not required by a decoder to reproduce the
multimedia data. As described above, the null packets may be
placed in a data stream at intervals substantially coincident
with transmitter quieting intervals. Uncontrolled placement
of the null packets by the modulator could disrupt perfor-
mance.

In one example of adaptive video coding to support trans-
mitter quieting, a video encoder may be configured at the
application layer to apply a reduced bit rate over a series of
video frames, such as a group of pictures (GOP) or another
type of rate control unit (such as one or more frames or
portions of a frame). The reduced coding rate for the video
data may be distributed across frames (i.e., pictures) in the
GOP to provide coding “headroom” in the coded video data.
In some instances, a reduced coding rate could alternatively
or additionally be applied to the audio data. However, appli-
cation of the reduced coding rate to the video data may be
sufficient, and may avoid degradation of audio quality.

The coded video data may be combined with coded audio
data, as well as ancillary coding data and program/control
data in some cases, e.g., at a multiplex layer. The multiplexed
data provides a transport stream of data for modulation by a
modulator, such as an ATSC modulator. The modulator may
have a fixed bit rate requirement for the input transport stream
in order for various components or circuitry of the modulator
to properly modulate the input transport data stream to pro-
duce an output modulated data stream. In ordinary operation,
the modulator may insert null packets into the transport
stream to produce a data stream at the required bit rate. In
some examples described in this disclosure, however, adap-
tive video encoding can be applied to intentionally reduce the
bit rate of encoded video so that space can be provided in the
transport stream for controlled placement of null packets (or
other miscellaneous or non-essential data) at a location cor-
responding to activation of a transmitting quieting interval.

Ifthe transport stream has a reduced bitrate, e.g., as aresult
of the application of an adaptive video coding (and/or adap-
tive audio coding) process that applies a reduced bit rate at the
application layer, the modulator may add null bytes to the
transport stream so that the modulator can produce an input
data stream that adheres to the required bit rate or output data
rate for proper modulator operation. At the same time, how-
ever, the reduced bit rate applied by the video encoder pro-
duces headroom that permits controlled insertion of at least
some of the null bytes by the modulator at a position corre-
sponding to a transmitter quieting interval.

In other words, the modulator may be configured to place
the null bytes at various locations in the modulated data
stream to fill space and thereby increase the effective bit rate,
as discussed above. Hence, the headroom in the encoded
video creates space for insertion of null packets by the modu-
lator. In addition, the modulator may be specially configured
to place some of the null bytes at a location in the data stream
at which a transmitter quieting interval will be applied. In this
manner, at least some of the null bytes may be placed coin-
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cident with the transmitter quieting interval, so that the trans-
mitter quieting interval is less likely to adversely impact
performance.

In some examples, the null bytes may occupy a time inter-
val having a length that is greater than or equal to the length
of' the transmitter quieting interval. If the reduced coding rate
is distributed across multiple video frames in a GOP, either
evenly or unevenly, each frame may create space for insertion
of null bytes in the transport stream. The modulator may
trigger the transmitter quieting interval in response to a clock
signal, such as a once per second clock signal pulse, so that
transmitter quieting is performed approximately once per
second. This clock pulse may be referred to as a quieting
trigger pulse.

As an illustration, if the transport stream packets are trans-
formed into data segments, and the data segments are divided
into data fields separated by field synchronization markers,
which may be referred to as field syncs, the modulator could
place a portion of the null bytes and trigger the transmitter
quieting interval approximately once per second, e.g., as mea-
sured by 42 field syncs, which are each approximately 24.02
milliseconds (ms) apart from one another in an ATSC imple-
mentation. In other words, the quieting trigger pulse could be
generated in response to a counting of 42 field syncs. Alter-
natively, transmitter quieting may be performed less fre-
quently or more frequently, as well as at regular periodic
intervals, irregular intervals, or intervals that are varied over
time or based on user input, content types or channel condi-
tions.

In this example technique for adaptive video encoding, it
may be advantageous to reduce the bit rate for all or most of
the frames in a GOP so that each frame provides space for
insertion of null bytes, if necessary. The frames in the GOP
and the packets in the transport stream at the modulator, in
some cases, may not be easily or readily synchronized or
aligned. By reducing the bit rate for all frames, the null bytes
may be placed at any of a variety of points along the transport
stream. These points may be coincident with data correspond-
ing to any of the various frames, each of which provides space
for the null bytes by the modulator. In this manner, it is not
necessary to have alignment or synchronization between one
of the video frames and the transport stream packets or seg-
ments processed in the modulator. Instead, the null bytes may
be placed arbitrarily by the modulator and still align with
empty space for one of the frames, because all of the frames
are encoded at a reduced bit rate to provide empty space for
insertion of null bytes by the modulator.

This approach may involve reduction of bit rate for all or
most of the frames in a GOP, but provides flexibility for the
modulator, driven or as required by the sensor, to place the
null bytes and corresponding transmitter quieting interval at
any of various points along the transport stream without the
need for synchronization between the modulator and the
video encoder. Although bit rate may be reduced for all or
most of the video frames in a GOP, in some examples, an
initial I frame in the GOP may be preferentially encoded with
ahigher bit rate than P and B frames in the GOP. Hence, all of
the temporally predictive (P or B) frames may be encoded
with areduced bit rate, and the reduction in bit rate may be the
same or different for each of those frames. An I frame may be
reduced or not reduced in encoding bit rate, but may be
allocated more bits than the P and/or B frames.

As an illustration, if each of a plurality of video frames in
a GOP is ideally coded at a bit rate of X to support the normal
bit rate requirements of the modulator, adaptive video coding
may be applied to instead code the video frames at a bit rate of
X minus Delta to provide space or headroom for insertion of
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null bytes by the modulator. The Delta may be subtracted in
fixed, even amounts from the bit rate allocated to each frame.
Alternatively, some frames may be allocated different Delta
amounts of bit rate reductions, or the same Delta but different
initial X bit rate levels. Again, in some examples, an [ frame
may be allocated more bit rate than P or B frames in the GOP.
Also, in some examples, some P or B frames that are more
temporally remote from the I frame may be allocated more
bits than frames that are temporally close to the I frame. In
each case, however, the purposeful reduction of bit rate for
frames in the GOP may result in headroom or “slack” that can
be used by the modulator to insert at least some of the null
bytes necessary to increase the bit rate level of the data stream
to a required level in a controlled manner coincident with a
transmitter quieting interval.

Again, the insertion point for the null bytes and the trans-
mitter quieting interval can be selected in a controlled manner
by the modulator in response to a clock signal. In one
example, the clock signal may be triggered by the counting of
42 field syncs, which is approximately equal to one second.
Each frame in the video stream may be encoded at the reduced
bit rate. For this example, there generally may be no need for
coordination or timing between the video encoder and the
modulator. Instead, the modulator receives, from a multi-
plexer, a transport stream that has a bit rate less than is
necessary to support the required bit rate for the modulator.
The modulator, when presented with this reduced bit rate
transport stream, may then insert null bytes generally inde-
pendently of the operation of the video encoder, providing a
simple solution for incorporation of null bytes to support
transmitter quieting intervals.

The modulator may insert null bytes at various points to fill
space, but a segment comprising at least a portion of the null
bytes may be intelligently placed at a position corresponding
to the transmitter quieting interval. The length of the null
bytes may be slightly larger than the length of the transmitter
quieting interval. The modulator may insert the null bytes at
regular or irregular intervals in the transport stream such that
the transmitter is quieted during such intervals. In particular,
in the presence of null bytes in the modulated output data
stream, the transmitter may be turned off, providing a trans-
mitter quieting interval. Spectrum sensing may be performed
in some or all of the transmitter quieting intervals provided by
the null bytes. In this manner, the modulator can quiet the
transmitter at a point in the data stream where there is null
data, which may result in reduced errors and loss of data.

The length of the null byte segments forming the transmit-
ter quieting intervals may be selected to be sufficiently long
for effective spectrum sensing but sufficiently short so that a
receiver does not lose synchronization. A GOP ordinarily
may be approximately 1 second in length and include 30
frames. By distributing a bit rate reduction over multiple
frames in a GOP, there may be several different opportunities
to add null bytes to the transport stream. However, the modu-
lator may be configured to group at least some of the null
bytes together, e.g., for a transport stream that includes a
GOP, to form a null byte segment sufficient to support trans-
mitter quieting interval of a length appropriate for spectrum
sensing. In this manner, a null byte segment can be inserted in
the transport stream approximately once per GOP, which may
correspond to approximately once per second in response to a
quieting trigger pulse, e.g., generated every 42 field sync
signals (or a factor of once every 42 field sync signals) as
discussed above. The resulting transport stream presents a
higher effective bit rate and then can be modulated to produce
an output modulated data stream with the required bit rate.
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The length of the transmitter quieting interval, in some
examples, may be not more than approximately 10 millisec-
onds in length, e.g., to prevent loss of synchronization by a
receiver or violation of PCR (program clock reference) con-
straints. Also, in some examples, it may be desirable that the
length of the transmitter quieting interval is not less than
approximately 6 milliseconds, e.g., to provide a sufficient
time for reliable spectrum sensing to be performed. To sup-
port transmitter quieting (i.e., “blanking”) for approximately
6 to 10 milliseconds, it may be desirable to place a sufficient
number of leading null bytes to flush an interleaver associated
with the modulator, e.g., 4 milliseconds of null bytes, fol-
lowed by approximately 6 to 10 milliseconds of null bytes for
transmitter quieting. Quieting duration and frequency may
vary if a different modulation method is used for transmission
of the content.

In some examples, in addition to a leading segment of null
bytes, it may be desirable to insert a trailing segment of null
bytes, e.g., 4 milliseconds, 8 milliseconds or 12 milliseconds
in length, after the transmitter quieting interval, although this
may not be necessary. Data from the transport stream may be
buffered just before the insertion of null bytes for the trans-
mitter quieting interval to permit recovery of data after the
transmitter quieting interval. In some examples, the length of
time between the insertion of null bytes in advance of the
transmitter quieting interval and the recovery of data from the
buffer should be sufficiently short that a program clock ref-
erence (PCR) tolerance for the data is not violated.

In the above example of adaptive video coding, the video
encoder may be configured to purposefully apply a reduced
bit rate to all or most of the frames in a GOP in order to permit
the modulator to introduce null bytes at any of a variety of
locations to accommodate a transmitter quieting interval. In
this sense, the video encoder is configured to indirectly con-
tribute empty space to the transport stream to accommodate
the transmitter quieting interval in the modulator data stream.
The modulator does not necessarily coordinate creation of
null bytes with the video encoder in the above example, but
rather reacts to the reduced bit rate transport stream that
results from the reduced bit rate video coding stream gener-
ated by the video encoder, and reacts to the periodic transmit
quieting pulse to intelligently place null bytes for the trans-
mitter quieting interval. In this example, a multiplexer asso-
ciated with the modulator (e.g., a physical layer multiplxer)
may be used to add non-essential data (e.g., miscellaneous
data such as null data or redundant data) to a physical trans-
port layer bitstream.

In another example, a video encoder may be configured to
more directly provide empty space at targeted locations in a
coded video bitstream. In particular, the video encoder may
allocate a reduced bit rate to one frame or a small number of
frames in a GOP, instead of all or most of the frames in the
GOP. In contrast to the first example of adaptive video encod-
ing, where the modulator and video encoder are relatively
unsynchronized, in this second example, the modulator and
video encoder may be synchronized, e.g., by a quieting trig-
ger pulse, so that the modulator inserts segments of null bytes
at a particular location or locations corresponding to the
empty space created by the video encoder in the transport
stream. In this case, one or a few frames in a GOP can be
selectively coded at a reduced bitrate, instead of all or most of
the frames.

For example, the video encoder may be configured to
selectively allocate coding bits for a GOP such that a selected
frame in the GOP receives all or a substantial portion of a bit
rate reduction, relative to other frames. In this case, with
synchronization between the video encoder and the modula-
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tor, the video encoder, rather than only the modulator, may
actively select a position for insertion of null bytes by the
modulator. The null bytes may be inserted in empty space
created by the reduced bit rate applied to the selected video
frame. As an illustration, the last frame in a GOP may be
coded with a reduced bit rate relative to other frames in the
GOP, creating space in the last frame for insertion of null
bytes to support application of a transmit quieting interval.
Selection of the last frame may be desirable, in some
examples, as the last frame may precede the next I frame in
the next GOP. In this example, a multiplexer associated with
the encoder (e.g., an application layer multiplxer) may be
used to add non-essential data (e.g., null data or redundant
data) to an application layer bitstream. Again, this may
require some synchronization so that the non-essential data in
the application layer is properly aligned in the physical layer
s0 as to correspond to a quieting interval when transmitter
blanking occurs.

In general, for this second adaptive video encoding tech-
nique, many of the frames in the GOP may be coded at an
ordinary bit rate, rather than a reduced bit rate, such that an
application layer multiplexer does not necessarily need to
insert null bytes in many of the frames to compensate for
headroom that has been purposefully introduced into the
transport stream. Rather, empty space may be present as a
result of the reduced bit rate coding of a selected frame, such
as the last frame in the GOP. The application layer multiplexer
may then insert null bytes in creating the transport stream, and
may insert the null bytes at a position corresponding to the
empty space in the selected video frame, thereby supporting
placement of a transmitter quieting interval coincident with,
or within the area of, the empty space created in the data
stream by the null bytes.

In this second example, frame level rate control can be used
to selectively allocate coding bit rate to various frames in a
rate control unit, such as a GOP. For example, a bit budget for
a GOP may be allocated across a series of frames in the GOP
with the knowledge that at least one selected frame will be a
reduced bit rate frame. The reduced bit rate frame may be a
short frame that carries video data at a reduced bit rate and
provides space for empty data. The video encoder may assign
a higher level of quantization to the frame to allocate a reduce
bit rate. The bit rate allocated to the given frame for video
coding may be reduced by approximately the amount of null
data to be included in the frame.

The rate control techniques applied for the first adaptive
video encoding technique described above, and this second
adaptive video encoding technique, may work in association
with other rate control techniques that control bit rate allo-
cated to GOPs or individual frames based on channel condi-
tions, video texture, motion, quality of service or other chan-
nel or video characteristics. The amount of null data may be
selected as a function of the spectrum sensing interval, which
may correspond substantially to the transmit quieting inter-
val. In this manner, the video encoder may be configured, in
effect, to apply packet shaping to accommodate a known
instance of channel loss, i.e., a planned transmit channel
outage for the transmit blanking interval during which the
transmitter is turned off and the spectrum is sensed to deter-
mine channel availability.

In the first example technique, without synchronization,
the modulator reacts to a reduced bit rate produced by the
video encoder in the transport stream from the multiplexer by
intelligently adding null bytes, including null bytes placed at
a desired location corresponding to a transmitter quieting
interval. In the second example technique, including synchro-
nization between video encoding and modulation, the video
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encoder intelligently encodes a frame to selectively provide
empty space for null bytes to be placed by the application
layer multiplexer at a desired location in the transport stream
corresponding to a transmitter quieting interval.

In some cases, reduced bit rate can be applied to audio data
in addition or as an alternative to video data using adaptive
coding according to the first unsynchronized example or the
second synchronized example. If the application layer multi-
plexer is used to insert the non-essential data the transport
stream from the multiplexer may use the entire available bit
rate, but if the physical layer multiplexer is used, the output of
the application layer multiplexer may include empty space
from the video and/or audio encoder, providing space for
insertion of null bytes in the data stream by a multiplexer
associated with the modulator. The modulator then modulates
the data stream to drive a RF transmitter.

Synchronization between the video encoder and the modu-
lator may be based on a common clock signal, such as the
quieting trigger pulse described above. For example, a clock
signal can be used to align a GOP boundary with a field sync
in the modulator data stream. The clock signal used to form
the quieting trigger pulse may be an approximately once per
second pulse derived from the field sync signals in the modu-
lated transport stream. As discussed above, a clock pulse may
be generated every 42 field syncs to trigger the modulator to
insert a segment of null bytes and activate the transmitter
quieting interval, and to align the GOP relative to the modu-
lated transport stream. For example, the video encoder may
align each GOP with the transmitter quieting interval such
that the last frame in the GOP occurs substantially coincident
with the trigger interval when the encoded video and audio
are combined in the transport stream and converted into a data
stream for the modulator. In some examples, time offsets
from the GOP boundary may be used to synchronize the
empty space in the last frame with the null bytes to be inserted
by the modulator for the transmitter quieting interval.

The GOP corresponds to one second of video content, and
42 field syncs corresponds to approximately one second of
video content. Because each data field between field syncs is
actually 24.02 milliseconds, reliance on the field sync signals
may create drift over time with respect to the one-second
length of the GOP. In particular, over time, the field syncs in
the transport stream may not line up exactly with a GOP
boundary. However, the GOP can be realigned, if needed,
periodically or opportunistically, to recalibrate the one-sec-
ond GOP to the once per second quieting trigger pulse. By
aligning the GOP to the field sync-based, quicting trigger
pulse, the empty space in a selected encoded video frame,
such as the last frame in the GOP, can be aligned with the null
bytes inserted by the modulator and the transmitter quieting
interval.

In a third example of adaptive video coding to support a
transmitter quieting interval, the video encoder and modula-
tor may be designed so that the video encoder encodes frames
at a bit rate that is more closely matched to the bit rate
necessary to produce, when multiplexed with encoded audio,
ancillary data and PSIP data, a transport stream sufficient to
approximate the bit rate required for modulator operation. In
this example, instead of reducing the bit rate of all or most of
the frames in a GOP to support unsynchronized placement of
null bytes by the modulator, and instead of synchronizing
video coding with modulation to support placement of null
bytes by the modulator, the video encoder may encode null
bytes in the encode video data bitstream. In this case, the
video encoder and modulator still may be synchronized, e.g.,
using a quieting trigger pulse generated from field syncs, as
described above. However, in this third example of adaptive
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video coding, the video encoder directly inserts the null bytes
by encoding the null bytes instead of inserting null bytes via
amultiplexer at the encoder or a multiplexer at the modulator.
In this case, at a time coincident with the transmitter quieting
interval, the modulator receives a segment of null bytes from
the transport stream and simply modulates them like other
transport stream data, thereby producing a transmitter quiet-
ing interval with in the segment of null bytes. Accordingly, the
encoded data essentially drives transmitter quieting insofar as
the null data may be received by the transmitter causing the
transmitter to quite since the data is null.

FIG. 17 is a block diagram illustrating a multimedia com-
munication system 190 that may be suitable for application of
the various adaptive video encoding techniques described in
this disclosure. System 190 of FIG. 17 will be described with
reference to the ATSC standard. However, the techniques
described in this disclosure may be applied to other standards.
An ATSC system may be designed for continuous transmis-
sion. ATSC represents a well established architecture and
design framework suite for DTV broadcast applications. As
shown in FIG. 17, system 190 may include a video subsystem
192 including a video source coding and compression unit
194 (“video source coding and compression 194”), which
may alternately be referred to as a video encoder. System 190
may also include an audio subsystem 196 including an audio
source coding and compression unit 198 (“audio source cod-
ing and compression 198”), which may alternately be referred
to as an audio encoder. Video and audio subsystems 192, 196
may be configured to support MPEG-2 coding processes,
which will be described for purposes of example but without
limitation as to other types of coding processes, such as
ITU-T H.264. Video and audio subsystems 192, 196 produce
encoded video data 200 and audio data 202, respectively, for
delivery to a service multiplex and transport subsystem 206
(“service multiplex and transport 204™).

As further shown in FIG. 17, service multiplex and trans-
port subsystem 204 may include a service multiplex unit 206
(“service multiplex 206”) and a transport unit 207 (“transport
2077). Service multiplex unit 206 multiplexes coded video
data 200 and coded audio data 202 with ancillary data 208 and
program/control data 210 (e.g., PSIP data) to produce multi-
plexed data 211. Transport unit 207 receives multiplexed data
211 and produces a transport stream 212, which may repre-
sent, as one example, an MPEG-2 transport stream. The
MPEG-2 transport stream (TS) is defined by a communica-
tion protocol for multiplexing audio, video and other data.
The transport stream encapsulates packetized elementary
streams (PES) and other data. As mentioned elsewhere in this
disclosure, the MPEG-2 TS is defined in MPEG-2, Part 1,
Systems (ISO/IEC standard 13818-1). With further reference
to FIG. 17, system 190 may further include a radio frequency
(RF)/transmission subsystem 214 (“RF/transmission sub-
system 214”), which may include a channel coding unit 216
(“channel coding 216”) and a modulation unit (“modulation
218”) that respectively code and modulate multiplexed trans-
port stream 212 to produce an output signal 220 to drive a
transmitter coupled to an antenna. A receiver, such as a tele-
vision 222 or other device, is equipped to receive signals
transmitted by the RF/transmission subsystem 214, decode
the signals to reproduce audio and video data, and present the
audio and video data on an audio and video output device. The
structure and operation of an ATSC system, e.g., as repre-
sented in FIG. 17 and described elsewhere in this disclosure,
may generally conform to ATSC DTV Standard (A/53)
adopted by the FCC. The ATSC DTV Standard defines sys-
tems, PHY, service MUX and transport, video and audio
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layers for an ATSC architecture. The ATSC DTV Standard
A/53 is incorporated by reference in this disclosure in its
entirety.

In an ATSC or other architecture, systems, video and audio
having a timing model in which end-to-end delay from signal
input to an encoder to the signal output from a decoder is
generally constant. This delay is the sum of encoding,
encoder buffering, multiplexing, communication or storage,
demultiplexing, decoder buffering, decoding, and presenta-
tion delays. As part of this timing model, video pictures and
audio samples are presented exactly once. Synchronization
among multiple elementary streams is accomplished with
Presentation Time Stamps (PTS) in the transport streams.
Time stamps are generally in units of 90 kHz, but the system
clock reference (SCR), the program clock reference (PCR)
and the optional elementary stream clock reference (ESCR)
have extensions with a resolution of 27 MHz.

FIG. 18 is a block diagram illustrating timing in an
example multimedia communication system 224 having an
ATSC architecture. As shown in FIG. 18, a frequency divider
network 226 receives a 27 MHz clock signal 227 (“f,,, .
228”) and divides it to produce video clock signal 228 (““f,
228.” which is derived according to the following equation
presented in FIG. 18: n,/m,*27 MHz) and audio clock signal
230 (“f, 230,” which is derived according to the following
equationn,/m,*27 MHz, as shown in the example of FIG. 18)
for application to analog-to-digital (A/D) converters 232A,
232B (“A/D 232A,” and “AD 232B”) provided to convert an
analog video signal 234 (“Video In 234”) and an analog audio
signal 236 (“Audio In 236”) to corresponding digital signals
238, 240. A program clock reference (PCR) unit 242 (“pro-
gram clock reference 242”) receives 27 MHz clock signal 227
and generates a program_clock_reference_base clock signal
244 (“program_clock_reference_base 244”) and a pro-
gram_clock_reference_extension clock signal 246 (“pro-
gram_clock_reference_extension 246”) that are provided to
an adaptation header encoder unit 248 (“adaption header
encoder 248”). These signals 244, 246 may collectively be
referred to as the “PCR.” In some instances, either one of
signals 244, 246 may be referred to as the “PCR.” Regardless
of' which signals 244, 246 form the PCR, the PCR represents
aperiodically transmitted value that provides a sample of the
system time clock in the encoder. The PCR may be used to
demultiplex packets from the transport stream and properly
synchronize audio and video.

Video encoder 250 and audio encoder 252 receive the PCR
base clock signal, i.e., program_clock_reference_base clock
signal 244 in this example, and digital video and audio signals
238, 240, respectively. As further shown in F1G. 18, video and
audio encoders 250, 252 generate encoded video and audio
data 254, 256, respectively, that are applied to a transport
encoder 258, e.g., an MPEG-2 TS encoder. Transport encoder
258 receives output 260 of adaptation header encoder unit
248 and the outputs of the video and audio encoders (i.e.,
encoded video data 254 and encoded audio data 256 in the
example of FIG. 18) and produces a multiplexed transport
stream 262 at a frequency f;,. Hence, transport encoder 258
may include a multiplex (MUX) unit that combines encoded
audio and video data 254, 256, as well as ancillary data and
program/control data (e.g., PSIP data), which is referred to as
output 260 in the example of FIG. 18, from adaptation header
encoder 248 in the example of FIG. 18. A forward error
correction (FEC) and synchronization (Sync) insertion unit
264 (“FEC and sync insertion 264”) applies FEC data and
inserts synchronization markers in the transport stream 262,
producing an output symbol stream 266 at a frequency f,

sym:*

Vestigial sideband (VSB) modulator 268 (“VSB modulator
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268”) receives the output of the transport encoder as modified
by FEC and synchronization unit 264 and produces an RF
output signal 270 (“RF Out 270”) to drive an RF transmitter
and antenna for wireless transmission of the modulated sig-
nal.

FIG. 19 is a block diagram illustrating data flow in an
example multimedia communication system 301 having an
ATSC architecture. Multimedia communication system 301
may be referred to as an encoding unit, which provides
encoded output to a modulator unit such as that shown in FIG.
20 and described below. FIGS. 19 and 20 are merely exem-
plary of ATSC, and for other cases, the bitrates, data rates,
sync periods, and other features may vary depending on
broadcast format or standard used. In the example of FIG. 19,
source video and audio data 280, i.e., HDMI, DP, or VGA data
280 (“HDMI/DP/VGA 280”) in this example, is formatted
and scaled, if necessary, by a digital format converter and
scaler unit 282 (“digital format converter and scaler 282”).
Digital format converter and scaler unit 282 produces video
data 284 (e.g., at 1.493 Gbps), audio data 286 (e.g., at 9.6
Mbps) and ancillary data 288. In this example, an MPEG-2
encoder 290 encodes video data 284 to produce encoded
video data 292, which may represent high definition (HD)
encoded video data encoded at 12-18 Mbps or standard defi-
nition (SD) encoded video data at 1-6 Mbps. An AC-3
encoder 294 encodes audio data 286 to produce encoded
audio data 296 at 32-640 kbps. A tables and sections genera-
tor 298 processes ancillary data 288 to produce processed
ancillary data 300 for incorporation in the transport stream.
Although MPEG-2 and AC-3 encoding are described for pur-
poses of example, other video and/or audio encoding tech-
niques may be used. As further shown in FIG. 19, a program
and system information protocol (PSIP) generator 302
(“PSIP generator 302””) may be provided to process program
information 304 to produce processed program information
306 for incorporation in the transport stream. Respective
packetized elementary stream/transport stream (PES/TS)
packet generators 308A-308D (“PES/TS packet generators
308”) process the incoming encoded video data 292, encoded
audio data 296, processed ancillary data 300 and processed
program information 306 to produce individual transport
packets 310A-310D (“transport packets 310”). A transport
stream multiplexer (TS MUX) unit 312 (“TS/MUX 312”)
multiplexes transport packets 310 from PES/TX packet gen-
erators 308 to produce a transport stream 314 including trans-
port stream (TS) packets 310 at a rate of 19.39 Mbps, which
is the data rate used by the components of the ATSC modu-
lator. TX MUX unit 312 also receives non-essential data 316,
which may represent null data or redundant data, that TX
MUX unit 312 inserts or interleaves into TS packets 310 that
form transport stream 314.

FIG. 20 is a block diagram further illustrating data flow
within an ATSC modulator 320 that receives the output, i.e.,
TS packets 310 that form transport stream 314 in this
example, of TS MUX unit 312 of FIG. 19. ATSC modulator
320 may also be more generally referred to as a modulator
unit and the techniques described herein may be used in many
different wireless contexts and are not limited to use in the
ATSC context. As shown in FIG. 20, the ATSC modulator 320
may include a data randomizer 322 that receives transport
stream (TS) packets 310 at 19.39 Mbps, a Reed-Solomon
(RS) encoder 324 (“RS encoder 324”) that receives random-
ized data 326 and applies Reed-Solomon encoding for for-
ward error correction (FEC), and a data interleaver 328 that
applies data interleaving to data 330 output from Reed-So-
lomon encoder 324 to produce interleaved blocks of data 332
(which may also be referred to as “interleaved data 332”).
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Interleaved data 332 is applied to a trellis encoder 334, which
produces output data 335 that is then combined with segment
sync markers 336 and field sync markers 338 by a physical
layer multiplexer 340 (“MUX 340”) to produce a modulated
output stream 342 at 32.28 Mbps. Multiplexer 340 also
receives non-essential data 343, which may represent null
data or redundant data, that multiplexer 340 inserts or inter-
leaves into output data 335, segment sync markers 336 and
field syncs 338 to form modulated output stream 310. Pilot
insertion module 344 performs pilot insertion on modulated
output stream 342 to produce a modified modulated output
stream 346. Following pilot insertion an 8SVSB modulator
348 produces a symbol stream 350 at 43.04 Mbps. In general,
8SVSB modulator 348 adds null packets to the data stream to
ensure that the data rate matches the 19.39 Mbps data rate
requirement of the modulator. Modulator 348 divides the data
stream into packets of 188 bytes in length. In some instances,
twenty additional bytes are added to each segment for Reed-
Solomon RS coding.

FIG. 21 is atiming diagram illustrating ATSC data rates. As
shown in the example of FIG. 21, encoded video data 360 is
arranged in a group of pictures (GOP) 362 A, which is denoted
by the letter ‘N’ in the example of FIG. 21, and encoded at
some rate less than or equal to 19.4 Mbps, but typically
subject to a maximum rate of 19.2 Mbps. N designates a first
GOP, and N+1 designates a next GOP 362B. The first frame
in a GOP is usually an I Frame, which is followed by series of
P or B frames. Each GOP, including GOPs 362A, 362B
(“GOPs 362”), comprises a plurality of frames, where for
example GOP 362A comprises video frames 364.,-364 .,
(“video frames 364”), and can be considered a rate control
unit in the sense that a coding bit budget may be allocated to
each GOP and then portions of the bit budget can be distrib-
uted among the frames, such as frames 364, in the GOP. For
an MPEG-2 implementation, at 30 frames per second (fps),
the GOP may have 30 frames. Hence, each GOP corresponds
approximately to one second of video content, and each frame
corresponds to approximately 33 milliseconds of video con-
tent. Audio data 366 is encoded at some rate less than or equal
to 448 Kbps, and typically at 192 Kbps. In the example of
FIG. 21, the audio frame rate is assumed to be 23 or 24 frames
per second. Audio frames 368.,-368, ., (“audio frames
368”) are multiplexed with the data from video frames 364 to
produce an MPEG-2 transport stream (TS) 370, ordinarily at
a constant rate of 19.4 Mbps. Each multiplex unit is typically
33 ms in length, where multiplex units are shown in the
example of FIG. 21 as vertical lines that are separated by 33
ms. The MUX operation may further include packet elemen-
tary stream/transport stream (PES/TS) encapsulation. As fur-
ther shown in FIG. 21, a PES header 372 with a presentation
time stamp (PTS) may be added to each coded audio/video
frame presented to the TS multiplexer. The TS multiplexer
then adds transport stream headers 374 A-374D to divide the
coded audio/video frame into TS packets. In the example of
FIG. 21, the audio frame rate may be approximately 23 or 24
frames per second, although other frame rates could be used
consistent with this disclosure. PES/TS encapsulation in the
multiplexing.

FIG. 22 is a timing diagram illustrating an example of
transmitter quieting using adaptive video encoding. FIG. 22
may be consistent with a scenario in which an application
layer MUX (e.g., a MUX associated with the encoder) intro-
duces non-essential data into the encoded and multiplexed
transport bitstream. FIG. 22 shows timing for video encoding
at 18.8 Mbps, audio encoding at 192 Kbps, MPEG-2 TS at
19.4 Mbps, modulation at a symbol rate (Sym Rate) of 32.28
Mbps, and selective deactivation of the transmitter (TX) at an
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ON/OFF duty cycle of 8 milliseconds per second to blank or
quiet the transmitter during a spectrum sensing operation. In
general, FIG. 22 may correspond to application of the second
adaptive video encoding technique described above, in which
the modulator, such as ATSC modulator 320 shown in the
example of FIG. 20, and video encoder, such as video encoder
250 shown in the example of FIG. 18, may be synchronized so
that TX MUX 312 may insert null bytes 372 for a transmitter
quieting interval within empty space created in a reduced bit
rate encoded video frame. In the example of FIG. 22, adaptive
video encoding is applied to apply a reduced bit rate to the
encoding of frame 364'.,,, which is the last frame in GOP
362A' in this example. The reduced bit rate could be applied
to a selected frame other than the last frame.

GOP 362A" includes thirty frames F'; through F',,, which
are shown in the example of FIG. 22 as frames 364',-364' .,
(“frames 364”), for an implementation in which video is
coded at thirty frames per second. Frames 364' may be similar
in format and structure to frames 364 shown in the example of
FIG. 21 but differ in content or other aspects. In other imple-
mentations, higher (e.g., 60 or 120 fps) or lower (e.g., 15 fps)
frame rates may be provided. It may be desirable in some
examples to use last frame 364',,, as it is closest to GOP
362A' boundary. In next GOP 362B', an | frame will refresh
an existing scene or present a scene change. Accordingly, the
impact of encoding last frame 364'.,, with a reduced coding
bit rate may be less significant than the impacts of other
frames 364'. However, other frames 364' could be selected for
reduced bit rate encoding.

Selection of the last frame in a GOP or other rate control
unit for reduced bit rate encoding may be desirable, as
described above. In some examples, the frame may ideally be
at a scene change boundary. Although the selected frame may
have a relatively poor quality due to the reduced bit rate
needed to provide empty space for insertion of null bytes,
such as null bytes 372, by TS MUX 312, the presence of only
a single poor quality frame may not be noticeable to a human
viewer. In particular, given human temporal perception, a
viewer may not readily discern a drop in the quality of the
selected frame in the presence of temporally adjacent frames.

However, human spatial perception tends to be sharper. As
a result, it is possible that a human viewer could perceive
spatial artifacts such as blockiness in the reduced bit rate
frame. For this reason, if spatial quality is substantially
degraded, it may be desirable to encode the selected frame
with different modes instead of encoding at the reduced bit
rate. The result may be the same in terms of providing empty
space of null bytes to support a transmitter quieting interval.
However, different coding modes may be selectively acti-
vated when spatial distortion exceeds a threshold.

If there is substantial blockiness or other spatial distortion,
for example, video encoder 250 may apply any of a variety of
alternate coding modes to the selected frames, instead of
encoding the frame. Examples of alternate coding modes or
techniques may include declaring the selected frame to be a
big frame, dropping the frame, designating the frame as a
skipped frame, or adding skip modes for decoding of selected
macroblocks in the frame. In each case, the decoder may
apply frame repetition, frame rate up-conversion (FRUC), or
other frame substitution techniques to produce a frame in
place of the selected frame. Alternatively, if the selected
frame is encoded, even with a low quality, the decoder will
simply decode the frame.

Given a bit rate allocated to GOP 362 A, the video encoder
may selectively allocate portions of the bit rate to frames 364"
in GOP 362A', applying frame level rate control for frames
364' in GOP 362A". Video encoder 250 may allocate amounts
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of coding bit rate relatively evenly among frames 364', with
the exception of one selected frame, such as last frame
364'.,. Another exception may be the allocation of addi-
tional bits to an I frame relative to P frames in GOP 362A".
Alternatively, different bit rates may be allocated to frames
364' in GOP 362A' according to any of a variety of bit rate
allocation schemes, but one selected one of frames 364' may
be selectively encoded with a reduced bit rate that overrides a
bit rate that might otherwise be allocated to the selected one of
frames 364'.

As an illustration, video encoder 250 could allocate X bits
to an | frame at the beginning of GOP 362A!, such as frame
364',,Y bits each to each of the P or B ones of frames 364' in
GOP 362A" with the exception of a selected frame, and Z bits
to the selected frame (e.g., last frame 364' ), where Y is less
than X, Z is less than Y, and Z is selected to provide empty
space in selected frame 364, for insertion of null bytes 372
to support application of a transmitter quieting interval. In
other examples, instead of applying the same fixed amounts
of bits to the P or B ones of frames 364' in GOP 362A', the
video encoder may apply any of a variety of frame level rate
control schemes, as mentioned above, to allocate different
amounts of bits, e.g., based on texture, complexity, motion,
channel conditions, or the like.

In each case, however, at least one of frame 364' may be
selected to have a reduced bit rate, relative to other ones of
frames 364', in order to provide empty space for insertion of
null bytes 372 by TS MUX 312 (or another application layer
MUX) in transport stream 370. Again, the selected one of
frames 364' may be last frame 364",  in GOP 362A’, or some
other one of frame 364' in GOP 362A". In other examples,
multiple ones of frames 364" in GOP 362A' may have reduced
coding rates to provide a cumulative amount of space for
insertion of null bytes 372 to support application of a trans-
mitter quieting interval. Also, multiple ones of frames 364' in
GOP 362A' could be encoded at a reduced bit rate to provide
empty space for null bytes 372 if it is desired that spectrum
sensing be performed more than once per second. In many
cases, a single spectrum sensing operation per second may be
sufficient, such that only a single transmitter quieting interval
is needed per second. In some examples, spectrum sensing
may not be performed every second, but rather at n-second
intervals, where n is a predetermined number typically less
than 60 to permit spectrum sensing at least once per minute,
as required by applicable regulations.

With further reference to FIG. 22, arrows in the Sym Rate
stream denoted 374A-374T in the example of FIG. 22 indi-
cate field syncs 374A-374T (“field syncs 374”) for data fields
in the data stream for the modulator, e.g., with RS, interleaver,
and channel coding operations. Use of letters to denote indi-
vidual field syncs 374 are not intended to indicate a actual
number of field sync 374. That is, field sync 374E does not
necessarily indicate the fitth field sync, just as field sync 374Q
does notindicate the seventeenth field sync. Rather, letters are
used generally throughout this disclosure so that one element
may be distinguished from another. Consequently, use of
letters to denote individual elements should not be construed
as indicating a position or location with respect to other
similarly labeled elements, unless context indicates that such
construction is appropriate. Larger or smaller durations may
be used for the blanking intervals in different examples.

In any event, frame 364' ., is followed by an empty space
376 (indicated by the X-out region in the example of FIG. 22)
that propagates into multiplexed MPEG-2 TS 370 and pro-
vides room for introduction of null TS packets 372. In par-
ticular, modulator 320 and video encoder 250 may be syn-
chronized with a quieting trigger pulse 378, and any
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necessary offsets, as described above. TX MUX 312 (or trans-
port encoder 258 in FIG. 18) may respond to quieting trigger
pulse 378 by inserting Null TS packets 372 (“Null TS Pkts
3727) into TS data stream 370. Null TS packets 372 coincide
with empty space 376 propagated through the multiplexer
from video encoder 250.

An application layer MUX, such as transport encoder 258
or TS MUX 312 may introduce null bytes in the ordinary
course if T'S 370 is not running at a rate sufficient to support
the rate required by modulator 320. In this example, however,
transport encoder 258 or TS MUX 312 is inserting null bytes
as Null TS packets 372 in a controlled manner at a relatively
precise location in the data stream that coincides with both
empty space 376 in the encoded video data 360 and a transmit
quieting interval in modulator 320. Modulator 320 modulates
the resulting data stream to produce the Sym Rate stream 380,
with Null data 382 (the X-out region shown in the example of
FIG. 22 in Sym Rate stream 380) corresponding to Null TS
packets 372 in transport stream 370. The transmitter may be
turned on and off with a duty cycle of 8 milliseconds/second.
In particular, the transmitter may be turned OFF at a time
corresponding to null data 282 in Sym Rate data stream 380
from modulator 320. Null data could also be replaced with
other types of non-essential data, such as redundant data or
other data that is non-essential to a decoding process.

As further shown in FIG. 22, larger OFF durations of the
transmitter may be possible, e.g., in excess of 8 ms. For
example, a transmitter quieting interval of 6 ms to 10 ms in
length may be used. In general, there may be no need for
significant changes to the Video Buffering Verifier (VBV)
buffer in this example. Also, in various examples, there may
be little or no latency impact and no valid data lost with
application of this adaptive video encoding technique. The
empty space is aligned with Null bytes or data 382 and trans-
mitter OFF state for the transmitter quieting interval. As a
result, little or no valid data is sacrificed to perform the spec-
trum sensing operation.

FIG. 23 is a timing diagram illustrating another example of
transmitter quieting using adaptive video encoding. FIG. 23
may be consistent with a scenario in which a physical layer
MUX (e.g., a MUX associated with the modulator) intro-
duces non-essential data. FIG. 23 shows timing for video
encoding at a reduced bit rate of 11 Mbps, audio encoding at
192 Kbps, MPEG-2 TS at a reduced bit rate of 12 Mbps,
modulation at a symbol rate (Sym Rate) of 32.28 Mbps, and
selective deactivation of the transmitter (TX) at a duty cycle
of'8 milliseconds per second to blank or quiet the transmitter
during a spectrum sensing operation. In general, FIG. 23 is
similar to the example of FIG. 22 but illustrates a scenario in
which the physical layer MUX rather than an application
layer MUX introduces null data or other non-essential data. In
this example, a reduced bit rate is applied at the video encoder
to all or most of frames 364" ,-364" .., (“frames 364”) in a
GOP 362A", so that the modulator, such as modulator 320
shown in the example of FIG. 20, may insert null bytes 382 for
a transmitter quieting interval within empty space created at
various locations in TS 370. Frames 364" may be similar in
format and structure to frames 364 shown in the example of
FIG. 21 but differ in content or other aspects. The adaptive
video coding and null bytes 382 may be applied for every
GOP 362A", 362B", ect. (which may be collectively referred
to as GOP 362" to capture both those GOPs 362A", 362B"
illustrated in FIG. 23 as well as GOPs 362" not explicitly
illustrated in FIG. 23 for ease of illustration purposes), or
selectively for some GOPs 362" and not others, e.g., accord-
ing to a spectrum sensing duty cycle, which may change from
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time to time under user control or according to monitored
conditions or system parameters.

In the example of FIG. 23, adaptive video encoding is
performed to apply a reduced bit rate to the encoding of all of
frames 364". As a result, each frame in GOP 362A" creates
empty space for insertion of null packets 372 by modulator
320. There is generally no need to synchronize the video
encoder, such as video encoder 250 shown in the example of
FIG. 18, and modulator 320 to place null bytes at a particular
location. Instead, there are multiple locations for insertion of
null bytes because multiple ones of frames 364", instead of a
single selected one of frames 364", introduce empty space in
to the TS data stream. As discussed above, reduced bit rate
coding can be applied to all of frames 364" in GOP 362A", or
a substantial number of frames 364" in GOP 362A", with the
possible exception of an initial I frame of frames 364" in GOP
362A". Also, the amount of bit rate allocated to each of frames
364" may be the same or different. However, it may be desir-
able that all or most of frames 364" provide at least a mini-
mum amount of empty space to permit insertion of null bytes
382 for transmitter quieting.

As in the example of FIG. 22, the example of FIG. 23 may
permit larger OFF durations of the transmitter, e.g., in excess
of' 8 ms. For example, a transmitter quieting interval of 6 ms
to 10 ms in length may be used. In general, there may be no
need for significant changes to the Video Buftfering Verifier
(VBV) buffer in this example. Also, in various examples,
there may be little or no latency impact and no valid data lost
with application of this adaptive video encoding technique.
Again, the empty space is aligned, or synchronized via a
common clock, with the Null bytes and transmitter OFF state
for the transmitter quieting interval, such that little or no valid
data is sacrificed to perform the spectrum sensing operation.

Although the first adaptive video coding technique illus-
trated in FIG. 23 may readily support transmitter quieting
without loss of data, the reduced data rate of encoded video
360 (e.g., at 11 Mbps) and resulting TS 370 (e.g., at 12 Mbps)
could impact performance in terms of video quality. The use
of reduced bit rates may avoid or reduce the need to buffer
data from video encoder 250 for incorporation in TS 370.
Although 11 Mbps may be approximately a minimum level to
support HD video at 720P, it may be desirable to provide a
higher bit rate for encoded video 360. In some examples, the
video coding bit rate could be increased while still avoiding
loss of data due to transmitter quieting if the input buffer
depth of the encoder, such as video encoder 250, is increased.
This modification may add some latency, but may provide
enhanced quality while still keeping the quiet period within a
null byte segment of less than one data field (e.g., 24.02
seconds defined by successive field syncs). Hence, increased
buffer depth at the encoder, e.g., to accommodate two, three
or more frames, may support an implementation with higher
video encoding bit rates. For video clip playback, the added
latency may be tolerable. For more interactive media appli-
cations, such as online gaming, added latency may be unde-
sirable. Accordingly, there may be different trade-offs
between latency and quality for different media applications,
and hence different buffer depth settings that may be applied.
Buffer depths and encoding parameters may be adjusted, in
some cases, to control latency in multimedia demodulation,
decoding and playback. In some cases, buffer depths and/or
encoding parameters may be configured (or possibly adjusted
dynamically) so as to achieve desired latency even in the
presence of transmit blanking Transmit blanking, for
example, may add additional latency to the demodulation,
decoding and playback, and techniques of this disclosure may
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account for this additional latency with commensurate
changes in buffer depth setting and/or encoding parameters to
reduce latency.

FIG. 24 is a diagram illustrating an example stream of data
390, including data content for multiple groups of pictures
394A, 394B separated by miscellaneous data 396 A, 3968 (in
this case null data) synchronized with transmission quieting
intervals 398A-398C. One specific example 399 of GOP
394A and miscellaneous data 396 A is also shown. Miscella-
neous data may comprise non-essential data as described
herein, although the miscellaneous data is labeled in FIG. 24
as “null data”” FIG. 25 is a diagram illustrating an example
stream of data 400, including data content for multiple scenes
402A, 402B separated by miscellancous data 404A, 404B
synchronized with transmission quieting intervals 398A-
398C. Each of FIGS. 24 and 25 illustrates propagation of
encoded video data 391/401 for a group of pictures 394A,
394B/402A, 402B through transport stream multiplexing 393
and modulation 395 to produce a transmission data stream
390/400 having null data 397 that is substantially synchro-
nized with transmitter quieting intervals 398A-398C during
which the transmitter is turned off (Tx OFF) to permit spec-
trum sensing. In the example of FIG. 24, null data 397 is
placed at the end of each group of pictures (GOP). In the
example of FIG. 25, null data 397 is placed at the end of each
group of pictures (GOP) in alignment with a scene change
boundary, such that the encoded video data 401 in a GOP for
each scene may be separated by null data 397 to support
transmitter quieting. Each GOP may be characterized by an
I-coded frame followed by several P or B frames and a seg-
ment of null data.

In general, for each the adaptive video coding techniques
described above, the modulator, such as modulator 320, may
be configured to track interleaver blocks and field syncs 418,
which may be similar to field syncs 374 shown in the
examples of FIGS. 22, 23, to effectively quiet or blank the
transmitter using null bytes, such as null bytes 382. FIG. 26 is
a timing diagram illustrating an example of insertion of null
bytes 410A-410C (which may be referred to as “null bytes
410” or “null data 410”") by the modulator, such as modulator
320 shown inthe example of FIG. 20, in response to a quieting
trigger pulse 412. Null bytes 410 may be substantially similar
to null bytes 382. Likewise, quieting trigger pulse 412 may be
similar to quieting trigger pulse 378 shown in the examples of
FIGS. 21, 22. As shown in FIG. 26, in response to quieting
trigger pulse 412, modulator 320 may begin buffering trans-
port stream data 414 in a buffer 416, and insert a lead 4 ms
segment of null data 410A after corresponding field sync 418
into data stream 414 to flush the interleaver, such as data
interleaver 328 of modulator 320. Upon flushing interleaver
328 with 4 ms null segment 410A, modulator 320 may selec-
tively turn off the transmitter, e.g., for 6-10 ms (10 ms in the
example of FIG. 26). Thus, the transmitter blanking, in this
example, occurs between physical layer synchronization
markers (e.g., field syncs), which is desirable to avoid data
loss, avoid loss of synchronization at the demodulator and
decoder side, and maintain low decoding and demodulation
latency.

Modulator 320 may turn off the transmitter by feeding the
transmitter null data 410B in the form of zero valued bits to
cause the transmitter to quiet transmitting during transmitter
quieting interval 418. In some examples, modulator 320 may
insert a series of null values that ramp down in level gradually
to prevent the transmitter from abruptly turning OFF and
creating RF transient activity that may be undesirable. Then,
the transmitter can be turned OFF for the duration of trans-
mitter quieting interval 418. During transmitter quieting
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interval 418, no valid data is transmitted, and spectrum sens-
ing can be activated to determine whether an identified chan-
nel is available for use by the communication system.

After transmitter quieting interval 418 (which is also
shown in the example of FIG. 26 as “TX OFF”), modulator
320 may optionally insert a trailing segment of null data 410C
into the data stream. Trailing null segment 410C could be, for
example, 4 ms, 8 ms or 12 ms in length. In some examples,
trailing null segment 410C may provide a guard segment
between transmitter quieting interval 418 and the resumption
of' data 414. However, this guard segment may not be neces-
sary. After transmitter quieting interval 418, or after optional
trailing null segment 410C, modulator 320 may resume inser-
tion of buffered data 414 from the buffer and continue to
process the transport data stream.

As shown in FIG. 26, in this example, the transmitter
quieting operation may be accomplished within a data field
between two successive field syncs 418, i.e., a data field of
approximately 24.02 ms. Again, 42 field syncs can be used to
time approximately one second for generation of the quieting
trigger pulse. In general, it may be desirable to use a trans-
mitter quieting interval 418 that is less than some maximum
time in order to ensure that PCR jitter tolerance remains
intact. In an ATSC system, the maximum time for transmitter
quieting interval 418 may be approximately 10 ms. In this
manner, by keeping transmitter quieting interval 418 at less
than 10 ms, buffered data 414 does not become stale. Rather,
with this limited period of time, data 414 remains valid and
the PCR tolerance is satisfied. For example, in FIG. 26, the
gap between packet time stamps associated with PCR1 and
PCR2 is sufficiently small to avoid violating PCR tolerance,
ensuring proper decoder operation.

In addition to the adaptive video coding techniques
described above, this disclosure contemplates latency reduc-
tion techniques to support or maintain performance in a sys-
tem that makes use of transmit quieting operations for spec-
trum sensing. End-to-end latency in a communication system
as described in this disclosure may be characterized by the
contributions of various components between a media source
and a media output device. When a transmit quieting interval
is added periodically, latency may become a more significant
concern in terms of its impact on performance, especially for
latency-sensitive applications such as gaming or other inter-
active media applications.

Latency contributions between source and output may be a
sum of delays introduced by the following components: on
the transmit side, the media source, front-end scaling and
formatting, video encoder, multiplexer, modulator, and RF
transmitter, and on the receiver side, the RF receiver, demodu-
lator, demultiplexer, video decoder, post processing unit, and
display processing unit. Interleaving in the modulator and
deinterleaving in the demodulator each may introduce a 4 ms
delay. Frame buffers associated with the encoder and decoder
may introduce additional delay. To avoid substantial buffer
delay, it may be desirable to have the encoder and decoder
synchronized to the one second clock.

An example of a technique for reducing latency in this
system may be to switch to a 60 frame per second (fps) (or
higher) encoding instead of 30 fps encoding. In this case, the
video encoder only buffers 17 ms frames instead of 33 ms
frames. If the frame buffer is designed to store only one frame
of data, with a higher frame per second rate, there is a lower
time per frame, reducing latency in processing individual
frames. Hence, as a technique to reduce latency, the video
encoder and decoder may be configured to code frames at a
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higher frame rate. Such latency reductions may be performed
in conjunction with transmit blanking, and may be adaptive or
constant.

As another example technique to reduce latency, the video
encoder can be configured to encode half-frames, or other
partial (i.e., fractional) frames, so that the encoding process
does not need to wait for loading of an entire frame to com-
mence motion estimation and other encoding processes. A
video encoder may use fractional frames to incrementally
perform motion estimation for P or B coding for fractional
portions of a frame to be coded versus corresponding portions
of a reference frame or frames. I coding also may be applied
with respect to fractional portions of frames rather than entire
frames. If slices are arranged to correspond to contiguous
portions of a frame, the buffer could be configured to store a
slice of data as the fractional portion of a frame. Again, such
latency reductions may be performed in conjunction with
transmit blanking, and may be adaptive or constant.

As another example technique, the video encoder may be
configured to limit the encoder picture buffer to storing only
a single frame. In this manner, it is not necessary to load the
buffer with multiple frames before proceeding to encode a
given frame. With this modification, it may be desirable to
eliminate bi-directional predictive coding, i.e., B coding. In
some examples, elimination of B coding may permit the
encoder picture buffer to be modified to include only one
frame so that latency can be reduced. In this case, I and P
coding may be permitted, but B coding may be eliminated. In
some examples, an encoder may be configured to selectively
eliminate B coding, and only use I and P coding, when the
encoder is used in conjunction with a media application that
requires spectrum sensing and associated transmitter quieting
intervals. Alternatively, the encoder may have a fixed con-
figuration that eliminates B coding.

This disclosure further contemplates strategies for coordi-
nated synchronization of spectrum sensing, encoding, and
modulation in a media communication system as described in
this disclosure. FIG. 27 is a block diagram illustrating coor-
dinated synchronization of spectrum sensing, encoding, and
modulation in a media communication system 420. In par-
ticular, FIG. 27 shows a spectrum sensor 422, encoder 424,
modulator 426 and controller 428. To support coordinated
synchronization, controller 428 may be configured to be
responsive to control, status and/or timing signals from any of
spectrum sensor 422, encoder 424 or modulator 426. Encoder
424 may comprise a video encoder, an audio encoder, an
image encoder, combinations of audio and video encoders, or
any multimedia encoder or combinations thereof. In some
examples, controller 428 may generate approximately one
pulse per second, e.g., in response to one of spectrum sensor
422, encoder 424 or modulator 426, to control the others of
spectrum sensor 422, encoder 424, or modulator 426 to syn-
chronize spectrum sensing, null byte generation, and/or trans-
mit quieting.

For example, controller 428, in response to such signals
from spectrum sensor 422, encoder 424 or modulator 426,
may generate control, status or timing signals 430 for com-
munication to the other units (i.e., spectrum sensor 422,
encoder 424 or modulator 426). As an illustration, controller
428 may be configured (e.g., statically or programmably) to
receive signals from encoder 424 and, in response to such
signals, generate signals 430 that are transmitted to control
modulator 426 and spectrum sensor 522. In this case, control
is video- or media-centric in the sense that controller 428 is
responsive to encoder 424. Video encoder 424 may provide
control, status and/or timing signals 430 indicating placement
of null bytes. Controller 428 then may control modulator 426
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and spectrum sensor 422 to activate a transmit blanking inter-
val and sense the spectrum, respectively, at a time substan-
tially coincident with the timing of the placement of the null
bytes from encoder 424 (via the multiplexed transport stream
provided to modulator 426) in the modulated data stream of
modulator 426.

As an alternative, controller 428 may be configured to be
modulator-centric in the sense that it controls encoder 424
and spectrum sensor 422 based on signals from modulator
426, e.g., indicating timing of a transmit quieting interval to
be applied by modulator 426. As a further alternative, con-
troller 428 may be configured to be spectrum sensor-centric in
the sense that it controls encoder 424 and modulator 426 in
response to signals from spectrum sensor 422, e.g., indicating
timing of intervals during which spectrum sensor 422 will be
active to sense for white space channels. In each case, overall
ATSC operation may be synchronized to coordinate timing of
spectrum sensing, transmit quieting and propagation of null
bytes from the encoder to modulated data stream.

Media communication system 420 of FIG. 27 may include
any of a variety processing hardware, which may be fixed or
programmable with software or firmware, to implement con-
trol according to such strategies. In some of the examples
described above, field syncs from modulator 426 may beused
to generate a quieting trigger pulse. In this sense, synchroni-
zation of sensing, encoding and modulation may be consid-
ered to be at least partially modulator-driven. In this case, a
quieting trigger pulse may be generated periodically based on
field syncs and used to trigger the transmitter quieting interval
in the modulator and transmitter, to align a GOP in the
encoder with respect to the field sync in modulator 426, and to
trigger activation of spectrum sensing at a time during the
transmitter quieting interval. Coordinated synchronization
may be achieved through one or more common clocks or
derived clock signals.

In other examples, the synchronization of spectrum sens-
ing, encoding and modulation may be encoder-driven. In this
case, a clock used to generate the quieting trigger pulses could
be generated based on video frame and GOP timing. For
example, encoder 424 may be configured to vary rate control,
GOP structures, scene change boundaries or the like based on
more optimal or ideal positioning of null times in the video
data stream, and then generate timing markers that can be
used to synchronize modulator operation with the video cod-
ing timing. In particular, null bytes may be placed directly in
the encoded video data stream or portions of the video data
stream may be identified where null placement would be
desired in terms of less disruption to performance or quality.
Encoder 424 may selectively encode the identified portions to
provide empty space for insertion of null bytes, or directly
encode null bytes into those portions. The null portions
selected by encoder 424 could then be used to generate timing
markers for communication to modulator 426 to trigger inser-
tion of null bytes for application of the transmitter quieting
interval at times corresponding to the null positions. Spec-
trum sensor 422 would then be triggered to sense the spec-
trum during the transmitter quieting interval. In different
examples, non-essential data (e.g., null data or redundant
data) may be encoded into the bitstream by encoder 424,
inserted into the application layer bitstream via an application
layer MUX associated with encoder 424, or inserted into the
physical layer bitstream via a physical layer MUX associated
with modulator 426

In additional examples, the synchronization of spectrum
sensing, encoding and modulation may be driven by spectrum
sensor 422. In this case, a clock used to generate the quieting
trigger pulses could be generated based on predetermined or
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dynamically generated spectrum sensing activation times.
These quieting trigger pulses derived from spectrum sensor
timing may be provided to modulator 426 (or to encoder 424)
to trigger the insertion of null bytes for the transmitter quiet-
ing interval. In addition, the quieting trigger pulses derived
from spectrum sensor timing may be provided to encoder 424
for use in adaptive video coding to selectively encode corre-
sponding portions of the encoded video data stream to pro-
vide empty space for insertion of null bytes by a MUX asso-
ciated with modulator 426 at the physical layer, or by a MUX
associated with encoder 424 at the application layer. Encoder
424 and modulator 426 may be synchronized with spectrum
sensor 422. Alternatively, a first one of encoder 424 or modu-
lator 426 may be synchronized with spectrum sensor 422, and
a second one of encoder 424 or modulator 426 may be syn-
chronized from the first one of encoder 424 or modulator 426.
In this case, for example, encoder 424 could be synchronized
from spectrum sensor 422, and modulator 426 could be syn-
chronized from encoder 424. Alternatively, modulator 426
could be synchronized from spectrum sensor 422, and
encoder 424 could be synchronized from modulator 426.

In some examples, different synchronization strategies
(e.g., encoder-drive, spectrum sensor-driven, or modulator-
driven) may be selectively activated depending on different
parameters, applications or conditions. A transmitter (not
shown in FIG. 27) may likewise be synchronized for trans-
mitter blanking during sensing operations performed by spec-
trum sensor 422. For example, if video quality is most impor-
tant for a given application or user, e.g., for viewing HD
movies, it may be desirable to select an encoder-driven syn-
chronization strategy so that encoder 424 can place empty
space for null bytes more intelligently within the video
sequence, e.g., at scene change boundaries or other refresh
points in the sequence, such as the end of a GOP. If latency is
most important for a given application or user, e.g., to support
interactive video gaming, it may be desirable to use a modu-
lator-driven synchronization strategy, e.g., with reduced rate
coding of the video to avoid excessive buffering. If sensing
may be compromised by a noisy environment, it may be
desirable use a sensor-drive synchronization strategy, so that
spectrum sensing can be performed in manner that may be
more reliable, e.g., more frequently.

Again, in accordance with this disclosure, there are several
ways to insert null data to correspond to a transmit blanking
interval. In one example, an encoder such as MPEG-2
encoder 290 is configured to encode null data and this
encoded null data may be timed to correspond to a null inter-
val atthe physical layer. In a different example, an application
layer MUX (such as TS MUX 312 or transport encoder 258)
may be used to insert non-essential data (such as null data or
redundant data) at the application layer, which may be timed
to correspond to a null interval at the physical layer. The case
where application layer MUX (such as TS MUX 312 or
transport encoder 258) is used to insert null data has been
called a synchronized case in this disclosure insofar as the
non-essential data is synchronized to a physical layer bound-
ary at the modulator.

In another case, a physical layer MUX (such as MUX 340)
may be used to insert non-essential data, which has been
called an unsynchronized case in this disclosure insofar as the
encoder unit does not need to synchronize non-essential data
with the physical layer boundaries generated downstream of
the encoder unit. Instead, the physical layer MUX associated
with the modulator can simply insert the non-essential data
between field syncs to ensure that the non-essential data cor-
responds to a null interval.
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It should be noted that although TX MUX 312 and MUX
340 both show the insertion of non-essential data, the use of
TX MUX 312 or MUX 340 for the insertion of non-essential
data may be alternatives. That is, a MUX at the application
layer (e.g., TX MUX 312) could be used to insert non-essen-
tial data, or a MUX at the physical layer (e.g., MUX 340)
could be used to insert non-essential data. The insertion of
non-essential data would not typically occur at both TX MUX
312 or MUX 340, although such insertion of non-essential
data by both TX MUX 312 and MUX 340 is also possible.

These different examples can provide different advantages.
For example, insertion of non-essential data by TX MUX 312
may provide higher quality encoding by avoiding the need to
reduce the encoding rate for all frames. On the other hand,
insertion of non-essential data by MUX 340 may be easier to
implement because, in this case, physical layer boundaries
can be defined around the insertion of the non-essential data.
Also, in yet another alternative, an encoder (such as such as
MPEG-2 encoder 290) could be used to encode null data, and
in this case, TX MUX 312 and MUX 340 may not need to
insert non-essential data. Also, as yet another example, modu-
lator 348 may be used to insert non-essential data, in which
case modulator 348 may include a multiplexer for adding the
null data.

The use of different units for insertion of non-essential data
(redundant data or null data) may also be appreciated in FIG.
7. Inthis example, video/audio encoders 50B could beused to
encode null data or to multiplex non-essential data into an
encoded application layer. Alternatively, transport encoder/
multiplexer 52B or ATSC modulator 56B could be used to
insert the non-essential data. These cases are consistent with
the cases discussed with respect to FIGS. 19 and 20. FIG. 7
also shows transmitter 59B), which is not shown in FIG. 19 or
20. In some examples, the output of FIG. 20 may be delivered
to a transmitter similar to transmitter 59B of FIG. 7.

Referring again to FIG. 27, controller 428 may coordinate
transmitter blanking Controller may generate and communi-
cate control signals 430 to spectrum sensor 422 and a trans-
mitter (not shown in FIG. 27) to ensure that the transmitter
blanks its communication when spectrum sensor 422 senses
for wireless signals. In addition, controller 428 may send
control signals to encoder 424 and/or modulator 426 to coor-
dinate the insertion of non-essential data into the encoded and
modulated bitstream so that the non-essential data corre-
sponds to the null interval when the transmitter blanks it
communication. Controller 428 may be a stand alone unit, or
could be implemented part of any of the units shown in FIG.
27 or part of the transmitter (not shown in FIG. 27).

The transmitter may refrain, during at least one time inter-
val, from transmitting any data from a communication device,
and spectrum sensor 422 may detect, during the at least one
time interval, whether any channel of a spectrum is available
for use. To coordinate this transmitter blanking, controller
428 may generate a control signal to identify a time associated
with transmitter blanking. In response to the control signal,
the transmitter (not shown in FIG. 27) may refraining from
transmitting any data from the communication device.

FIG. 28 is a flow diagram consistent with a technique of
this disclosure. As shown in FIG. 28, controller 428 generates
a first control signal for a transmitter (not shown) to identify
a time interval associated with transmitter blanking (502).
Controller 428 may also generate a second control signal for
modulator 426 to cause insertion of non-essential data (504).
The second control signal may cause modulator 426 to insert
non-essential data into a modulated bitstream at a time cor-
responding to the time interval. Alternatively or additionally,
controller 428 may generate a third control signal, wherein
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the third control signal identifies the at least one time interval
to encoder 424 (506). The transmitter (not shown in FIG. 27)
may be blanked at the time interval (508) and the control
signals from controller 428 may coordinate the operation of
the different units so as to ensure that non-essential data is
inserted in the bitstream at the time interval corresponding to
the transmitter blanking Steps 502, 504 and 506 in FIG. 28
could occur in different orders, and two or more of steps 502,
504 and 506 might also occur at the same time in some
examples.

Accordingly, by generating and delivering control signals
430, controller 428 may coordinate the operation of spectrum
sensor 422 and a transmitter (not shown in FIG. 27) to ensure
that the transmitter blanks its communication when spectrum
sensor 422 senses for wireless signals. In addition, the control
signals from controller 428 may coordinate encoder 424 and/
or modulator 426 such that insertion of non-essential data
results in non-essential data over the interval when the trans-
mitter blanks it communication. Again, in different cases, the
non-essential data could be inserted by encoding such data
via encoder 424, by multiplexing non-essential data in the
application layer via a multiplexer of encoder 424, or by
multiplexing the non-essential data in the physical layer via
multiplexer of modulator 426. The control signals used to
coordinate insertion of non-essential data with transmitter
blanking may be sent to different units in these different
cases. For example, in cases where non-essential data is
inserted by encoder 424, it may not be necessary to send
control signals to modulator 426, and in cases where non-
essential data is inserted by modulator 426, it may not be
necessary to send control signals to encoder 424. The control
signals 430 shown in FIG. 27 are exemplary and some may
not be necessary, depending on the scenario.

FIG. 29 is another block diagram illustrating an exemplary
device 450 that may implement the techniques of this disclo-
sure. FIG. 29 may be consistent with several of the examples
of'this disclosure. Device 450 includes a multimedia process-
ing unit 452, which may be a multimedia encoding unit that
includes one or more audio encoders, one or more video
encoders, and an application layer MUX. The application
layer MUX may be used to combine data from different
encoders and possibly to add non-essential data to the
encoded bitstream. In one example, multimedia processing
unit 452 corresponds to multimedia communication system
301 of FIG. 19, although other units or configurations could
also be used consistent with this disclosure.

Device 450 also includes a modulator unit 454 (also called
a modulator). Modulator unit 454 may generate the physical
transport stream and may include a physical layer MUX. This
physical layer MUX of modulator unit 454 could be used to
add non-essential data to the physical layer transport stream,
e.g., between two field syncs. In one example, modulator unit
454 corresponds to modulator 320 of FIG. 20 although other
units or configurations could also be used consistent with this
disclosure. Device 450 of FIG. 29 also includes a transmitter
unit 456 (also called a transmitter), which may comprise a
wireless transmitter and an antenna to communicate accord-
ing to a wireless protocols such as described herein. In addi-
tion, device 450 of FIG. 29 includes a blanking control unit
458, which may send control signals to coordinate the trans-
mitter blanking with the insertion of non-essential data. Sen-
sor unit 460 (also called a sensor) may be used to sense for
wireless signals and transmitter unit 456 may be blanked
when sensor unit 460 senses for wireless signals.

FIG. 30 is a flow diagram illustrating one technique con-
sistent with a case where modulator unit 454 is used to insert
non-essential data into a bitstream. In this case, a physical
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layer MUX (the output of which is a modulated physical layer
bitstream) inserts the non-essential data. FIG. 30 may also be
consistent with a case where MUX 340 of a modulator 320
(see FIG. 19) inserts the non-essential data into the bitstream.
To allow for MUX 340 of a modulator 320 to insert the
non-essential data, the multimedia encoder (e.g., MPEG-2
encoder 290 of FIG. 19) may encode data at a reduced rate so
that the encoded data is at a lower rate than the data rate that
is ultimately output by modulator 320. The reduced rate
encoding is also shown conceptually in FIG. 23 and discussed
in greater detail above.

In the example of FIG. 30, a multimedia encoding unit
(such as multimedia processing unit 452 of FIG. 29 or
MPEG-2 encoder 290 of FIG. 19) may define an encoding
rate for encoding a set of frames over a period of time (512),
but may encode the set of frames at a reduced encoding rate
over the period of time such that encoding the set of frames at
the reduced encoding rate defines one or more null intervals
when data associated with the set of frames is not encoded
during the period of time (514). Again, this reduced encoding
is shown conceptually in FIG. 23. The encoded frames may
be transmitted via transmitter 456 (516), and transmitter 456
can be blanked during the one or more null intervals (518).
Modulator unit 454 may modulate the encoded data prior to
transmission by transmitter unit 456.

The encoded set of frames may comprise a set of audio
frames or a set of video frames. In most cases, the set of
frames comprise a combined set of audio frames and video
frames. In this example, a MUX of modulator unit 454 (see
also MUX 340 of modulator 320 in FIG. 20) may insert
non-essential data into the encoding bitstream during the one
or more null intervals. In some cases, the non-essential data
comprises packets of redundant data relative to the set of
frames, but in other case, the non-essential data comprises
null data. In the later case, the null data may comprise a set of
packets having all zeros within packet payloads of the set of
packets. Null data packets may still include packet headers.

The MUX of modulator 454 may generate a physical trans-
port stream and in doing so, may insert the non-essential data
into the physical transport stream. The ability to insert such
non-essential data may be possible due to the multimedia
processing unit 452 reducing its encoding rate. In generating
the physical transport stream, the MUX of modulator unit 454
may multiplex the non-essential data with the encoded set of
frames. Transmitter unit 456 may identify a location of the
physical transport stream that includes the non-essential data,
and may blank at a time associated with the identified loca-
tion. Control signals from blanking control unit 458 may
coordinate such blanking.

Blanking transmitter unit 456 during the one or more null
intervals includes blanking the transmitter at times corre-
sponding to at least some of the non-essential data. In some
examples, this may require aligning one or more application
layer boundaries of an encoded bitstream associated with the
set of frames with physical layer boundaries of a physical
layer transport stream that includes the set of frames. For
example, the one or more null intervals may comprise data
fields that immediately precede one or more ofthe application
layer boundaries that are aligned with the physical layer
boundaries. In this case, the application layer boundaries may
comprise frame boundaries within a group of pictures (GOP)
and the physical layer boundaries may correspond to field
syncs of the physical layer transport stream.

The method of FIG. 30 may further include performing a
sensing operation (e.g., via sensor unit 460) while blanking
transmitter unit 456 during the one or more null intervals
(520). As can be appreciated from this disclosure, the sensing
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operation may include sensing for other wireless signals at a
particular frequency, or sensing for a licensed signal at the
particular frequency. If such signals are sensed by sensor unit
460, transmitter unit 456 may be switched to a different
frequency. In other words, upon sensing another wireless
signal at the particular frequency, transmitter unit 456 may be
switched to a different frequency, e.g. at the direction of
blanking control unit 458, so that transmitter unit 456 does
not interfere at the particular frequency. The method of FIG.
30 may be repeated periodically in compliance with a wire-
less communication standard that requires periodic sensing
for unlicensed use of the particular frequency.

As an additional issue, latency may be considered in a
system that requires transmitter blanking. In particular,
encoding and transmitting the set of frames may be per-
formed such that the blanking of transmitter unit 456 com-
bined with a latency time associated with decoding and
demodulating the set of frames is less than a pre-defined
duration associated with real-time multimedia presentation to
a user. For example, it may be desirable to reduce latency
associated with decoding and demodulating the set of frames
to less than 100 milliseconds. However, due to additional
latency from the transmitter blanking (such as approximately
40 milliseconds), it may be necessary to reduce latency asso-
ciated with decoding and demodulating each frame in the set
of frames to less than 60 milliseconds. A wide variety of
techniques may be used to ensure that decoding and demodu-
lating latency is sufficiently low to ensure real-time delivery
of multimedia data. For example, some or all bi-directional
predictive frames (e.g., B-frames) may be eliminated to
reduce latency since B-frames are often predicted based on
frames that occur later in the video sequence. Input buffers
may also be reduced, e.g., only allowing frame prediction
from a limited number of reference frames (or even single or
partial reference frames), so as to ensure that latency is
reduced, particularly when transmitter blanking is performed.
For example, the reference picture buffers may be limited to
a single reference frame so that encoding does not require
decoding, reconstruction and buffering or multiple frames
backward or forward in the video sequence. These and other
techniques may be highly desirable for real-time communi-
cation of multimedia data at frequencies that require sensing
(and thus transmitter blanking) at periodic intervals to ensure
that use of' the frequencies complies with laws and regulations
that require such sensing.

FIG. 31 is another flow diagram illustrating one technique
consistent with a case where modulator unit 454 is used to
insert non-essential data into a bitstream. F1G. 30 may also be
consistent with a case where MUX 340 of a modulator 320
(see FIG. 19) inserts the non-essential data into the bitstream.
In this case, a physical layer MUX (the output of which is a
modulated physical layer bitstream) inserts the non-essential
data. FIG. 26 is also used to help demonstrate the method of
FIG. 31.

As shown in FIG. 31, modulator unit 454 receives encoded
multimedia data (522) and modulates the encoded multime-
dia, wherein modulating includes inserting synchronization
signals at physical layer boundaries associated with the
encoded multimedia data (524). For example, as shown in
FIG. 26, modulator may insert synchronization signals (e.g.,
field syncs) at physical layer boundaries. Upon forwarding
the modulated data to transmitter unit 456, transmitter unit
456 transmits the encoded multimedia (526). However,
blanking control unit 458 blanks transmitter unit 456 for a
time interval between two of the synchronization signals
(528), e.g., between two successive ones of the synchroniza-
tion signals. This time interval may correspond to the TX
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quieting interval 418 shown in FIG. 26. Sensor unit 460 may
then perform sensing operation while transmitter unit 456 is
blanked (530). In this manner, sensing is coordinated with
transmitter blanking, and non-essential data is associated
with the blanking interval between field syncs so that data is
not lost and synchronization is maintained during the blank-
ing process.

In the example shown in FIG. 26, the non-essential data
received at the modulator may be sufficient to flush input
buffers of the modulator of the encoded multimedia data,
which may flush the interleaver (as shown during null 410A).
By blanking the transmitter after flushing the input bufters for
the time interval between two of the synchronization signals,
data loss associated with valid encoded data may be avoided.
Again, the non-essential data may comprise packets of redun-
dant data relative to the encoded multimedia data, or null data
comprising a set of packets having all zeros within packet
payloads of the set of packets. The use of redundant data may
be desired for cases where blanking is not always performed
with each set of non-essential data. In this case, if blanking is
not performed, the non-essential data may provide redun-
dancy relative to other data (e.g., redundant I frames) so as to
improve the quality of video in the case of data loss during
data transmission.

FIG. 32 is a flow diagram illustrating one technique con-
sistent with a case where multimedia processing unit 454 is
used to insert non-essential data into a bitstream. In this case,
an application layer MUX (the output of which is an applica-
tion layer bitstream such as an MPEG-2 or MPEG-4 bit-
stream) inserts the non-essential data. Specifically, in the case
of FIG. 32, some frames of a set of frames are encoded at a
reduced rate so as to create a null after the set of frames. The
reduced rate encoding of one or more frames (e.g., a final
frame) is also shown conceptually in FIG. 22 and discussed in
greater detail above. In the technique of FIG. 32, a multi-
plexer of multimedia processing unit 452 inserts non-essen-
tial data into the bistream. The technique of FIG. 32 may also
be consistent with a case where MUX 312 of encoding system
301 (which is one example multimedia processing unit 454) is
used to insert non-essential data.

As shown in FIG. 32, multimedia processing unit 452
defines a period of time for encoding a set of frames (532),
which may be an approximately 1 second interval associated
with a so-called “superframe.”” Multimedia processing unit
452 encodes a first portion of the set of frames of multimedia
data at a first encoding rate (534), and encodes a second
portion of the set of frames of multimedia data at a second
encoding rate (536), wherein the second encoding rate is less
than the first encoding rate so as to create a null interval during
the period of time. After modulating the encoded frames via
modulator unit 454, transmitter unit 456 transmits the
encoded set of frames (538). However, blanking control unit
458 causes transmitter unit 456 to blank during the null inter-
val (540). Accordingly, sensor unit 460 performs a sensing
operation while the transmitter blanks during the null interval
(542).

As with other examples above, the sensing operation may
include sensing for other wireless signals at a particular fre-
quency, or sensing for a licensed signal at the particular fre-
quency. If such signals are sensed by sensor unit 460, trans-
mitter unit 456 may be switched to a different frequency. In
other words, upon sensing another wireless signal at the par-
ticular frequency, transmitter unit 456 may be switched to a
different frequency, e.g. at the direction of blanking control
unit 458, so that transmitter unit 456 does not interfere at the
particular frequency. The method of FIG. 32 may be repeated
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periodically in compliance with a wireless communication
standard that requires periodic sensing for unlicensed use of
the particular frequency.

In one example consistent with FIG. 32 and consistent with
the conceptual diagram of FIG. 22 the second portion of the
set of frames, which are encoded at the slower rate, may
comprise a final frame of the set of frames, and the first
portion may comprise all frames of the set of frames except
the final frame. The method may further include encoding the
first portion of the set of frames at the first encoding rate and
encoding the second portion of the set of frames at a second
encoding rate in response to determining that the set of frames
overlap with a required blanking interval. In this case, if the
set of frames do not overlap with the blanking interval, then
all of the frames may be encoded at the faster encoding rate
because a null interval may not be necessary.

The encoded set of frames may comprise a set of audio
frames or a set of video frames. In most cases, the set of
frames comprise a combined set of audio frames and video
frames. In the example of FIG. 32, a MUX of encoding unit
452 (see also TS-MUX 312 of system 301 in FIG. 19) may
insert non-essential data into the encoding bitstream during
the one or more null intervals. In some cases, the non-essen-
tial data comprises packets of redundant data relative to the
set of frames, but in other case, the non-essential data com-
prises null data. In the later case, the null data may comprise
a set of packets having all zeros within packet payloads of the
set of packets. Null data packets may still include packet
headers. The MUX of encoding unit 452 (see also TS-MUX
312 of system 301 in FIG. 19) may combine audio frames and
video frames with the non-essential data.

Since the non-essential data is inserted in the application
layer, in this example, it may be necessary to ensure align-
ment of an application layer boundary of an encoded bit-
stream associated with the set of frames with a physical layer
boundary of a physical layer transport stream that includes the
set of frames. The null interval may comprise a data field that
immediately precedes the application layer boundary that is
aligned with the physical layer boundary. In one example
consistent with this disclosure, the application layer bound-
ary comprises a group of picture (GOP) boundary, and the
physical layer boundary corresponds to a field sync of a
transport stream. In another example, the application layer
boundary comprises a scene boundary, and the physical layer
boundary corresponds to a field sync of a transport stream. By
inserting null data at these specific application layer bound-
aries, it may be easy for a modulator to ensure that physical
layer boundaries (field syncs) are aligned with the null data
(as shown in FIG. 26). Accordingly, transmitter blanking can
be performed without loss of data.

As with other techniques described herein, the technique of
FIG. 32 may be repeated periodically. Accordingly, in another
example, the set of frames may comprise a first set of frames,
and the period of time may comprise a first period of time. In
this case, the method may further comprise defining a second
period of time for encoding a second set of frames of multi-
media data, encoding a first portion of the second set of
frames of multimedia data at the first encoding rate, encoding
a second portion of the second set of frames of multimedia
data at a third encoding rate, wherein the third encoding rate
is less than the first encoding rate so as to create a null interval
during the second period of time, transmitting the second set
of encoded set of frames via a transmitter, and blanking the
transmitter during the null interval within the second period
of time.

Furthermore, in yet another example, the technique of FIG.
32 may be adaptive such that reduced encoding of the second
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portion of a set of frames only occurs for sets of frames (e.g.,
GOPs) that correspond to blanking intervals. Thus, in another
example, the method may further include defining a second
period of time for encoding a second set of frames of multi-
media data, wherein no blanking occurs during the second
period of time, encoding the second set of frames at the first
encoding rate, and transmitting the second set of encoded
frames via the transmitter.

Furthermore, as with other examples, latency may be con-
sidered in a system that performs the techniques of F1G. 32.In
particular, encoding and transmitting the set of frames may be
performed such that the blanking of transmitter unit 456
combined with a latency time associated with decoding and
demodulating the set of frames is less than a pre-defined
duration associated with real-time multimedia presentation to
a user. For example, it may be desirable to reduce latency
associated with decoding and demodulating the set of frames
to less than 100 milliseconds. However, due to additional
latency from the transmitter blanking (say approximately 40
milliseconds), it may be necessary to reduce latency associ-
ated with decoding and demodulating the set of frames to less
than 60 milliseconds.

As mentioned above, a wide variety of techniques may be
used to ensure that decoding and demodulating latency is
sufficiently low to ensure real-time delivery of multimedia
data. For example, some types of predictive frames (e.g.,
B-frames) may not be used in the encoding so as to reduce
latency since B-frames are often predicted based on frames
that occur later in the video sequence. Input reference picture
buffers used for motion estimation for predictive coding may
also be reduced, e.g., only allowing frame prediction from a
limited number of frames (or even single or partial frames) so
as to ensure that latency is reduced, particularly when trans-
mitter blanking is performed. These and other techniques
may be highly desirable for real-time communication of mul-
timedia data at whites pace frequencies that require sensing
(and thus transmitter blanking) at periodic intervals to ensure
that use of'the frequencies complies with laws and regulations
that require such sensing.

FIG. 33 is a flow diagram illustrating a technique consis-
tent with a case where multimedia processing unit 454 is used
to insert non-essential data into a bitstream. However, unlike
the case of FIG. 31 where a multiplexer of multimedia pro-
cessing unit 452 inserts non-essential data into the bistream,
in the technique of FIG. 33, null data is encoded rather than
inserted into the bitstream. FIG. 33 may be consistent with a
case where MPEG-2 encoder 290 of encoding system 301
(which is one example multimedia processing unit 454) is
used to encode null data. In this case, null data is encoded and
when such null data is encountered by the transmitter, such
null data may result in blanking insofar as the transmitter can
be configured to recognize that nothing needs to be transmit-
ted. With this example, null data is encoded and the encoded
null data causes transmitter blanking due to the lack of valid
data.

As shown in FIG. 33, multimedia processing unit 452
encodes a set of frames of multimedia data (552), and encodes
null data for a period following the set of frames of multime-
dia data (554). Modulation unit 454 modulates the encoded
set of frames and the null data, wherein modulating the null
data creates a null interval over the period (556). Transmitter
unit 456 transmits the encoded set of frames, wherein the null
interval aligns with a blanking interval of the transmitter over
the period (558). In some cases, the null data may itself cause
the transmitter to blank over the blanking interval due to the
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presence of the null data. In any case, sensor unit 460 per-
forms one or more sensing operations when the transmitter is
blanked (560).

Again, as with other examples, the encoded set of frames
may comprise a set of audio frames or a set of video frames.
In most cases, the set of frames comprise a combined set of
audio frames and video frames. The null data may comprise a
set of packets having all zeros within packet payloads of the
set of packets. Null data packets may still include packet
headers.

As with other examples above, the sensing operation may
include sensing for other wireless signals at a particular fre-
quency, or sensing for a licensed signal at the particular fre-
quency. If such signals are sensed by sensor unit 460, trans-
mitter unit 456 may be switched to a different frequency. In
other words, upon sensing another wireless signal at the par-
ticular frequency, transmitter unit 456 may be switched to a
different frequency, e.g. at the direction of blanking control
unit 458, so that transmitter unit 456 does not interfere at the
particular frequency. The method of FIG. 33, like other tech-
niques described herein, may be repeated periodically in
compliance with a wireless communication standard that
requires periodic sensing for unlicensed use of the particular
frequency.

FIG. 34 is another flow diagram illustrating a technique
consistent with this disclosure. As mentioned above, latency
is an issue with real-time delivery of multimedia data, and
latency associated with demodulating and decoding multime-
dia data may be a concern. Latency greater than 100 millisec-
onds in video may become noticeable to a human viewer, and
therefore, it is often desirable to ensure that the encoding and
modulation of multimedia data does not result in decoding
and demodulation latency above the 100 milliseconds. Blank-
ing can add additional latency, in which case it may be desir-
able to reduce decoding and demodulation latency by a com-
mensurate amount to keep overall latency under 100
milliseconds (or another similar time interval).

FIG. 34 illustrates an adaptive technique that allows for
decoding and demodulation latency to increase to a full real-
time interval (say 100 milliseconds) for sets of frames during
which blanking is not performed. However, with the tech-
nique of FI1G. 34, decoding and demodulation latency may be
reduced for any set of frames associated with a blanking
interval. In this way, added latency (up to an allowed thresh-
old) may be exploited to improve video quality for set of
frames that are not associated with a blanking interval.

As shown in FIG. 34, multimedia processing unit 452 and
modulator unit 454 encode and modulate a first set of frames
such that a latency associated with demodulating and decod-
ing the first set of frames is less than a first time interval (572).
Multimedia processing unit 452 and modulator unit 454 then
encode and modulate a second set of frames such that a
required latency associated with demodulating and decoding
the first set of frames is less than a second time interval (574).
Transmitter unit 456 transmits the first set of frames and the
second set of frames (576). Blanking control unit 458 cause
transmitter 456 to blank its communication during a null
interval associated with transmitting the second set of frames,
wherein the null interval and the second time interval are less
than or equal to the first time interval (578). Sensor unit 460
performs a sensing operation while transmitter 456 is blanked
(580).

The first time interval may be less than approximately 100
milliseconds, the null interval may be approximately 40 mil-
liseconds and the second time interval may be less than
approximately 60 milliseconds. If the null interval is only 10
milliseconds, then the second time interval may be less than
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90 milliseconds. In this example, the first time interval may be
greater than or equal to the sum of the second time interval
and the null interval so as to ensure that latency never exceeds
the first time interval.

In the example of FIG. 34, encoding and modulating the
second set of frames, may include encoding the second set of
frames differently than the first set of frames to reduce decod-
ing latency ofthe second set of frames by an amount sufficient
to account for the null interval. As one example, the first set of
frames may be encoded to include I-frames, P-frames and
B-frames, while the second set of frames may be encoded to
include I-frames and P-frames without any B-frames since
B-frames can add latency to the decoding process.

Furthermore, a wide variety of other techniques may also
be used to ensure that decoding and demodulating latency is
sufficiently low to ensure real-time delivery of multimedia
data, and the techniques may vary depending on whether a
null interval is associated with a set of frames. The amount of
input buffer data may also be reduced, e.g., only allowing
frame prediction from a limited number of frames (or even
single or partial frames) so as to ensure that latency associated
with a decoding process is reduced when transmitter blanking
is performed during transmission of a set of frames. Input
buffers data may be expanded, however, if blanking is not
performed during transmission of any given set of frames.
These and other techniques may be highly desirable for real-
time communication of multimedia data at frequencies that
require sensing (and thus transmitter blanking) at periodic
intervals to ensure that use of the frequencies complies with
laws and regulations that require such sensing.

The techniques described in this disclosure may be imple-
mented within one or more of a general purpose micropro-
cessor, digital signal processor (DSP), application specific
integrated circuit (ASIC), field programmable gate array
(FPGA), programmable logic devices (PLDs), or other
equivalent logic devices. Accordingly, the terms “processor”
or “controller,” as used herein, may refer to any one or more
of the foregoing structures or any other structure suitable for
implementation of the techniques described herein.

The various components illustrated herein may be realized
by any suitable combination of hardware, software, firmware,
or any combination thereof. In the figures, various compo-
nents are depicted as separate units or modules. However, all
or several of the various components described with reference
to these figures may be integrated into combined units or
modules within common hardware, firmware, and/or soft-
ware. Accordingly, the representation of features as compo-
nents, units or modules is intended to highlight particular
functional features for ease of illustration, and does not nec-
essarily require realization of such features by separate hard-
ware, firmware, or software components. In some cases, vari-
ous units may be implemented as programmable processes
performed by one or more processors.

Any features described herein as modules, devices, or com-
ponents may be implemented together in an integrated logic
device or separately as discrete but interoperable logic
devices. In various aspects, such components may be formed
atleastin part as one or more integrated circuit devices, which
may be referred to collectively as an integrated circuit device,
such as an integrated circuit chip or chipset. Such circuitry
may be provided in a single integrated circuit chip device orin
multiple, interoperable integrated circuit chip devices, and
may be used in any of a variety of image, display, audio, or
other multi-multimedia applications and devices. In some
aspects, for example, such components may form part of a
mobile device, such as a wireless communication device
handset (e.g., a mobile telephone handset).
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Ifimplemented in software, the techniques may be realized
at least in part by a non-transitory computer-readable data
storage medium comprising code with instructions that, when
executed by one or more processors, performs one or more of
the methods described above. The computer-readable storage
medium may form part of a computer program product,
which may include packaging materials. The computer-read-
able medium may comprise random access memory (RAM)
such as synchronous dynamic random access memory
(SDRAM), read-only memory (ROM), non-volatile random
access memory (NVRAM), electrically erasable program-
mable read-only memory (EEPROM), embedded dynamic
random access memory (eDRAM), static random access
memory (SRAM), flash memory, magnetic or optical data
storage media. Any software that is utilized may be executed
by one or more processors, such as one or more DSP’s,
general purpose microprocessors, ASIC’s, FPGA’s, or other
equivalent integrated or discrete logic circuitry.
Various aspects have been described in this disclosure.
These and other aspects are within the scope of the following
claims.
The invention claimed is:
1. A method comprising:
encoding and modulating a first set of frames such that a
latency associated with demodulating and decoding the
first set of frames is less than a first time interval;

encoding and modulating a second set of frames such that
a required latency associated with demodulating and
decoding the first set of frames is less than a second time
interval;

transmitting the first set of frames and the second set of

frames via a transmitter; and

regularly and periodically blanking the transmitter during a

null interval associated with transmitting the second set
of frames, wherein the sum of the null interval and the
second time interval is less than or equal to the first time
interval, wherein blanking the transmitter during the null
interval comprises refraining from transmitting data via
the transmitter during the null interval.

2. The method of claim 1, wherein the first time interval is
less than approximately 100 milliseconds, the null interval is
approximately 40 milliseconds and the second time interval is
less than approximately 60 milliseconds.

3. The method of claim 1, wherein encoding and modulat-
ing the second set of frames includes encoding the second set
of frames differently than the first set of frames to reduce
decoding latency of the second set of frames by an amount
sufficient to account for the null interval.

4. The method of claim 3, further comprising:

encoding the first set of frames to include I-frames,

P-frames and B-frames; and
encoding the second set of frames to include I-frames and
P-frames without any B-frames.

5. The method of claim 1, wherein blanking the transmitter
during the null interval further comprises performing white
space sensing during the null interval.

6. A device comprising:

an encoder and a modulator, wherein the encoder and the

modulator encode and modulate a first set of frames such
that a latency associated with demodulating and decod-
ing the first set of frames is less than a first time interval,
and wherein the encoder and the modulator encode and
modulate a second set of frames such that a required
latency associated with demodulating and decoding the
first set of frames is less than a second time interval; and

a transmitter that transmits the first set of frames and the

second set of frames, wherein the transmitter regularly
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and periodically blanks during a null interval associated
with transmitting the second set of frames, wherein the
sum of the null interval and the second time interval is
less than or equal to the first time interval, wherein to
blank during the null interval, the transmitter refrains
from transmitting data via the transmitter during the null
interval.

7. The device of claim 6, wherein the first time interval is
less than approximately 100 milliseconds, the null interval is
approximately 40 milliseconds and the second time interval is
less than approximately 60 milliseconds.

8. The device of claim 6, wherein the encoder and the
modulator encode and modulate the second set of frames
differently than the first set of frames to reduce decoding
latency of the second set of frames by an amount sufficient to
account for the null interval.

9. The device of claim 8, wherein the encoder:

encodes the first set of frames to include I-frames, P-frames

and B-frames; and

encodes the second set of frames to include I-frames and

P-frames without any B-frames.

10. The device of claim 6, further comprising a channel
identifier that performs white space sensing during the null
interval.

11. A device comprising:

means for encoding and modulating a first set of frames

such that a latency associated with demodulating and
decoding the first set of frames is less than a first time
interval;

means for encoding and modulating a second set of frames

such that a required latency associated with demodulat-
ing and decoding the first set of frames is less than a
second time interval,

means for transmitting the first set of frames and the second

set of frames via a transmitter; and

means for regularly and periodically blanking the transmit-

ter during a null interval associated with transmitting the
second set of frames, wherein the sum of'the null interval
and the second time interval is less than or equal to the
first time interval, wherein the means for blanking the
transmitter during the null interval comprises means for
refraining from transmitting data via the transmitter dur-
ing the null interval.

12. The device of claim 11, wherein the first time interval is
less than approximately 100 milliseconds, the null interval is
approximately 40 milliseconds and the second time interval is
less than approximately 60 milliseconds.

13. The device of claim 11, wherein the means for encod-
ing and modulating the second set of frames includes means
for encoding the second set of frames differently than the first
set of frames to reduce decoding latency of the second set of
frames by an amount sufficient to account for the null interval.

14. The device of claim 13, further comprising:

means for encoding the first set of frames to include

I-frames, P-frames and B-frames; and
means for encoding the second set of frames to include
I-frames and P-frames without any B-frames.

15. The device of claim 11, wherein the means for blanking
the transmitter during the null interval further comprises
means for performing white space sensing during the null
interval.

16. A computer-readable storage medium comprising
instructions that upon execution cause one or more processors
to:

encode and modulate a first set of frames such that a latency

associated with demodulating and encoding the first set
of frames is less than a first time interval;
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encode and modulate a second set of frames such that a
required latency associated with demodulating and
decoding the first set of frames is less than a second time
interval;

transmit the first set of frames and the second set of frames
via a transmitter; and

regularly and periodically blank the transmitter during a
null interval associated with transmitting the second set
of frames, wherein the sum of the null interval and the
second time interval is less than or equal to the first time
interval, wherein the instructions that cause the proces-
sor to blank the transmitter during the null interval fur-
ther cause the processor to refrain from transmitting data
via the transmitter during the null interval.

17. The computer-readable storage medium of claim 16,
wherein the first time interval is less than approximately 100
milliseconds, the null interval is approximately 40 millisec-
onds and the second time interval is less than approximately
60 milliseconds.
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18. The computer-readable storage medium of claim 16,
wherein the instructions cause the one or more processors to
encode the second set of frames differently than the first set of
frames to reduce decoding latency of the second set of frames
by an amount sufficient to account for the null interval.

19. The computer-readable storage medium of claim 18,
wherein the instructions cause the one or more processors to

encode the first set of frames to include I-frames, P-frames
and B-frames; and

encode the second set of frames to include I-frames and
P-frames without any B-frames.

20. The computer-readable storage medium of claim 16,
wherein the instructions that cause the one or more processors
to blank the transmitter during the null interval further cause
the one or more processors to perform white space sensing
during the null interval.
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